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1. Introduction

According to ‎[2], at least the following control information needs to be conveyed in the downlink:

· scheduling information for downlink data transmissions,

· scheduling grant for uplink transmissions, and

· ACK/NAK in response to uplink transmissions.

This contribution lists some of the open issues related to downlink control signaling and is an update of a previous contribution ‎[3].  Some of the open issues have been discussed during the e-mail discussions ‎[1] between RAN1#44bis and RAN1#45.  The document may serve as a basis for further work in the area of control signaling design.

2. Open Issues

2.1. Joint or individual coding between UEs? 

Should individual user’s control signaling be coded jointly or not?

· Individual coding/mapping

· each UE monitors multiple control channels

· enables individual adjustment of transmission parameters (coding, modulation, transmission power) and user-specific adaptive beamforming

· Joint coding

· several user’ control signaling is jointly coded

· possibility for better coding performance due to larger code blocks and more efficient encoding of resource block assignments

· no possibility for individual selection of transmission parameters or user-specific adaptive beamforming ( parameters need to be set according to the ‘worst’ user

Hybrid schemes, where groups of users are coded jointly but each group coded individually are also possible. The properties of such schemes lie in between the two extreme cases above.

Analyses of the overhead for different cases need to take not only the number of bits into account, but also the total transmission power.
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Figure 1: Joint vs. separate coding. The CRC (if used) could be made UE-specific.

2.1.1 Individual Coding

With separate coding for each UE, two approaches are considered for downlink scheduling information:

· A set of control channels, where each channel carries (at least) an ID and a resource block assignment indicating which resource blocks the UE shall process.

· Similar to the approach taken for HSDPA.

· Each resource block includes information to which UE it is intended (possible run-length encoded). The UE checks the ID assigned to each resource block.

The two possibilities are illustrated in Figure 2.
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Figure 2: Example of individual coding. A set of control channels, one per scheduled UE, pointing to the resource blocks assigned to each of the UEs (top). A strategy where each resource block includes the identity of the UE for which it is intended (bottom).

2.1.2 Coding – should different types of information be coded together?

In case of joint coding between UEs, downlink scheduling information, uplink scheduling grants and ACK/NAKs could be coded together:

· One coded block includes downlink scheduling information, uplink grants, and ACK/NAKs related to uplink data transmission.

2.2. Downlink scheduling information – transmission of cat 1, 2, 3 information

The downlink scheduling information can be grouped in three categories:

· Category 1 – identity and resource assignment

· Category 2 – transport format

· Category 3 – hybrid ARQ related information

For the downlink scheduling information, category 1 information needs to be transmitted using a priory known parameters (at least the UE must know which t/f location(s) to monitor for this information). Category 2 and 3 information could either follow the same scheme as category 1 or be transmitted inside the scheduled resource blocks.

· Transmission within the scheduled resource blocks

· Category 2 and 3 benefits from channel-dependent scheduling

· Could allow for some scalability in the size of cat2/cat 3 information (e.g., different number of bits depending on the number of resource blocks scheduled to a user or different cat2 information depending on whether MIMO is enabled for a particular terminal or not) without affecting the coding of cat 1 information

· Requires category 1 (for multiple users) to be coded separately from the other categories. 
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Figure 3: Simplified illustration of transmission of category 2 and 3 information (for downlink scheduling) inside the scheduled resource blocks.

2.3. Multiple Transmission Formats for Control Signaling

Multiple transmission formats for the control signaling of one or more categories 1, 2, and 3 could be envisioned, e.g., one format with some restrictions (e.g., with restrictions in the possible payload sizes and a lower coding rate), and another format with no restrictions in the signaling and a higher coding rate. 

· Multiple formats

· Possible gains in coverage. The format with restrictions can be less expensive to transmit (in terms of power) and can be used for cell-edge users which cannot use the highest data rates. Lower coding rate could be used for cell-edge users, which are not likely do support the full data rate.

Which format the Node B uses can be determined in different ways:

· Blind detection, i.e., the UE tries to decode according to a list of possible formats.

· Should limit the number of formats to simplify UE operation.

· Explicit indication, where the Node B transmit an explicit indicator (sometimes referred to as ‘cat 0 information’) of which format the remaining control signaling is using.

· Requires the cat 0 information to be transmitted robustly enough to reach all scheduled UEs.

2.4. Scalability of Control Signaling

A maximum number of resources for cat 1 users should be determined. If multiple formats are allowed, there may be a maximum or minimum defined for each type of format. How and to what degree should scalability in the control signaling be supported (up to the maximum number)?

· Scalable number of users

· With joint coding, fields may be used to indicate how the users shall decode their data.

· This field (‘cat 0’) may need to be separately coded as illustrated in Figure 4.

· The amount of resources allocated for control is adjustable from subframe to subframe.

· With separate channels, a UE monitors n control channels, located at well-known time/frequency locations.

· The amount of resources allocated for control is adjustable on a slower basis (higher layer signaling).
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Figure 4: Example of a separate field indicating how to process the control signaling.

2.5. Time/frequency Structure

Where to transmit the control information?

· TDM at beginning of the subframe?

· Allows for “micro sleep”

· Reduced latency, control information available as soon as the last data symbol is received

· FDM during the full subframe

· Allows for power balancing between data, reference symbols, and control, which may improve coverage. For users close to the cell center, less power can be spent on control and more on data (assuming the possibility for individual or group-wise power control).

The two approaches are illustrated in Figure 5.
The relation to interference coordination should be considered when deciding upon the time/frequency structure for the control channels.
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Figure 5: TDM (top) and FDM (bottom) for multiplexing downlink data and control signaling.

2.6. TDD Aspects

The timing of the hybrid ARQ ACK/NAK is used to identify which process the ACK/NAK belongs to (similar to HSDPA and enhanced uplink). In case of TDD, there may not be a downlink subframe available when an ACK/NAK for uplink data transmission is to be transmitted (assuming a fixed delay between reception of data and transmission of ACK/NAK as in HSxPA).

· Should multiple ACK/NAK bits be possible to transmit in a single subframe, e.g., to acknowledge multiple scheduled uplink transmissions in the previous “uplink” period?

2.7. Multi-antenna aspects

If the Node B is equipped with multiple antennas, how should these be exploited for control signaling?

· Diversity, e.g., CDD?

· Should any part of the control signaling be subject to the same (linear) precoding as data?

· If so, where to transmit any precoding related information?

· Scalability in MIMO. For non-MIMO users, the amount of control signaling is smaller than for MIMO users ( multiple control signaling formats?
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