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7.1.1.2.3
Downlink L1/L2 Control Signaling

The downlink outband control signaling consists of

· scheduling information for downlink data transmission,

· scheduling grant for uplink transmission, and

· ACK/NAK in response to uplink transmission.

Transmission of control signaling from these groups is mutually independent, e.g., ACK/NAK can be transmitted to a UE regardless of whether the same UE is receiving scheduling information or not. 

7.1.1.2.3.1
Downlink Scheduling Information

Downlink scheduling information is used to inform the UE how to process the downlink data transmission. The information signalled to a UE scheduled to receive user data is summarized in Table 7.1.2.3.1-1.

The possible downlink time/frequency location(s) for category 1 information is known to the UE a priori.

The category 3 information is transmitted for every TTI of data to the scheduled user(s).

Table 7.1.1.2.3.1-1 Downlink scheduling information required by a UE
	
	Field
	Size
	Comment

	Cat. 1
(Resource indication)
	ID (UE or group specific)
	[8-9]
	Indicates the UE (or group of UEs) for which the data transmission is intended

	
	Resource assignment
	FFS
	Indicates which (virtual) resource units (and layers in case of multi-layer transmission) the UE(s) shall demodulate. 

	
	Duration of assignment
	2-3
	The duration for which the assignment is valid, could also be used to control the TTI or persistent scheduling.

	Cat. 2
(transport format)
	Multi-antenna related information
	FFS
	Content depends on the MIMO/beamforming schemes selected.

	
	Modulation scheme
	2
	QPSK, 16QAM, 64QAM. . In case of multi-layer transmission, multiple instances may be required.

	
	Payload size
	6
	Interpretation could depend on e.g. modulation scheme and the number of assigned resource units (c.f. HSDPA). In case of multi-layer transmission, multiple instances may be required.

	Cat. 3
(HARQ)
	If asynchronous hybrid ARQ is adopted
	Hybrid ARQ process number
	3 
	Indicates the hybrid ARQ process the current transmission is addressing.

	
	
	Redundancy version
	2
	To support incremental redundancy. 

	
	
	New data indicator
	1
	To handle soft buffer clearing.

	
	If synchronous hybrid ARQ is adopted
	Retransmission sequence number
	2
	Used to derive redundancy version (to support incremental redundancy) and ‘new data indicator’ (to handle soft buffer clearing).


Note: It is FFS whether asynchronous or synchronous hybrid ARQ operation will be adopted.

Note: In case of multi-layer transmission to a UE, multiple instances of (parts of) category 2 and category 3 information may be required.

Note: It is FFS whether information about multi-layer transmission is included in ‘resource assignment’ or ‘multi-antenna related information’.

7.1.1.2.3.2
Uplink Scheduling Grant

Uplink scheduling grants are used to assign resources to UEs for uplink data transmission. The information signalled to a UE receiving an uplink scheduling grant is summarized in Table 7.1.1.2.3.2-1. The modulation and coding scheme to use for uplink transmission is implicitly given by the resource assignment and the transport format.

Table 7.1.1.2.3.2-1 Uplink scheduling grant for a UE
	Field
	Size
	Comment

	Resource assignment
	ID (UE or group specific)


	[8-9]
	Indicates the UE (or group of UEs) for which the grant is intended

	
	Resource assignment
	FFS
	Indicates which uplink resources, localized or distributed, the UE is allowed to use for uplink data transmission.

	
	Duration of assignment


	2-3
	The duration for which the assignment is valid. The use for other purposes, e.g., to control persistent scheduling, ‘per process’ operation, or TTI length, is FFS.

	TF
	Transmission parameters
	FFS
	The uplink transmission parameters (modulation scheme, payload size, MIMO-related information, etc) the UE shall use. If the UE is allowed to select (part of) the transport format, this field sets determines an upper limit of the transport format the UE may select. 


Note: It is FFS whether the transport format the UE uses is mandated by the Node B or controlled by the UE. 

7.1.1.2.3.3
ACK/NAK
The hybrid ARQ feedback in response to uplink data transmission consists of a single ACK/NAK bit.
Table 7.1.1.2.3.3-1 ACK/NAK for a UE.

	Field
	Size
	Comment

	ACK/NAK
	FFS
	Up to one bit per uplink transport block. Multiple bits may be required to support uplink multi-layer transmission (if hybrid ARQ operates per layer) and in case of TDD.


7.1.1.3
Channel coding and physical channel mapping
Current assumption for the study-item evaluations should be that channel coding for “normal” data [Layer 3 information] is based on UTRA release 6 Turbo coding, possibly extended to lower rates by extension with additional code polynomials, extended longer code blocks, and modified by the removal of the tail. However, the use of alternative FEC encoding schemes could also be considered, especially if significant benefits in terms of complexity and/or performance can be shown. 

To achieve high processing gain, repetition coding can be used as a complement to FEC.

7.1.1.3.1 Coding of the coding information
7.1.1.3.1.1 Joint coding of resource allocation with multiple transport formats

Joint coding of a number of UEs that can utilize similar encoding rates and power control show clear benefit over separate encoding [14]. When the transport format of the downlink control information is available, there is no reason not to code Cat 1 together with Cat 2-3 – and also with UL resource allocations. In this case, the predetermined field can be structured as a common part (“Cat 0”) with low encoding rate and a priori known structure. Figure 2-1 depicts the concept of a common part for all the UEs followed by a variable part. The other bit fields in the common part are discussed in section 2.2.7.
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Figure 2-1 Resource allocation in DL control channel structured into a fixed, common part and variable part

The common part is decoded by all the UEs, and it could also carry paging indicators and RACH response fields. However, from the resource allocation point of view the important field is the transport format indicator for the following variable part.

The variable part of DL/UL resource allocation signalling structure is decodable to all the UEs since they have received the TFI in the common part. Figure 2-2 depicts the principle of downlink resource allocation in the variable part. 
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Figure 2-2 Downlink resource allocation principle

The first part of the structure should be easily comprehensible to the UE so some a priori known fixed length field is preferable. This initial part of the structure could carry information on the number of entries in the latter part of the structure, which makes it possible to jointly encode any number of UE resources that the eNode B sees feasible. It would also be simple to add a Resource Type Indicator (RTI) field containing an index to all the physical resource blocks (PRB) and indicate which PRBs have localized and distributed resource allocated on them.

There are cases when the eNode B may choose to schedule resources to some UEs for longer periods of time than single subframe. This could occur due to concatenation of subframes into longer TTIs or some persistent resource allocation scheme. Thus, it would be wasting of signaling resource to indicate allocations to each PRB in each signaling interval. One way of rationalizing the resource allocation procedure in such a case would be to use a Resource Existence Indicator (REI) field, which would indicate whether an entry for a resource exists in a given PRB or not. The REI field would also be very beneficial when multi-part resource allocation is considered as described in section 2.2.3.

After the fixed length part of structure, all the DL entries can follow in any order decided by the scheduler. This order is mapped into the PRBs by a linearly increasing UE index over all the DL entries. The UE indexes are valid only in this part of the current resource allocation field. The UE finds the resource allocated for it by matching its C-RNTI with the correct DL entry. The DL entry can contain all the Cat 1-3 information for the UE. Now, due to the fact that not all the PRBs are to be allocated, the PRBs indicated as not existing in REI need to be considered in this mapping. This kind of structure that pairs the C-RNTI with the entry provides for full flexibility and consequently a UE may be allocated a number of non-continuous PRBs. 
7.1.1.3.1.2 Uplink resource allocation

Figure 2-3 depicts the principle of uplink resource allocation in the variable part. 
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Figure 2-3 Uplink Resource Allocation Principle

The first part of the structure is a bit sequence, each bit of which indicates whether the allocation continues to the next PRB or not. They are referred to as Resource Block Type Indicator (RTI). If RTI is “1”, the next PRB in the frequency domain is also allocated to the same UE. If it is “0”, the corresponding PRB is the last one of this allocation, and the next PRB is allocated to the next UE. The example of RTI bit sequence and the corresponding PRBs are also shown in Figure 2-3. 

The next part of the control signal indicates whether each allocation block indicated by the RTI bit sequence has the corresponding UL entry or not. This is referred to as Allocation Existence Indicator (AEI) bit. This has the similar function to that of DL REI bits. Only the difference is that AEI bit is for each allocation block indicated by RTI bits in UL, and the REI bit is for each PRB. By using this bit indicator, the control signal needs not to have lengthy field just to indicate the null allocations.

The UL entries following the indicator fields contain the information related to the assigned UL UEs, such as C-RNTIs and transmission parameters. The order of the UL entries corresponds to the order of allocation blocks indicated by the RTI bits with the AEI bit of “1”. .
7.1.1.3.1.3 Structure of multi-part resource allocation

As described above, the variable part of the DL control signalling channel carries all the Cat 1-3 information and also UL resource allocations. However, the variable part is not limited to one field, i.e. different groupings of UEs can be set by nesting several variable parts after the common part. The principle of multi-part structure on the DL/UL resource allocation is depicted in Figure 2-4.
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Figure 2-4 Multi-part structure in DL control channel allowing for independent resource allocation groups

The multi-part structure can be easily realized by providing the TFI of the following field in each nested field. The common part with predetermined structure would in this case contain the TFI for the first variable part of the multilayer structure, the first variable part would carry the TFI for the second variable part and so on. In this way different encoding rates can be provided to groups of jointly coded UEs. Different power control settings can also be used for each nested field in the multi-part structure. Figure 2-5 depicts the principle of DL resource allocation for multi-part structure.
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Figure 2-5 Downlink resource allocation in case of multi-part structure
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