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1. Introduction

The efficiency of the signalling within the control channel is a major performance limiting factor of the OFDM-based air interface. Within RAN1 an e-mail discussion related to the downlink control signalling has been started to agree on a text proposal to be included in the RAN 1 TR [xx].

Also RAN2 already has addressed this topic, such as e.g. in [2,3].

The purpose of this paper is to assess the present situation for the signalling necessary for downlink scheduling and resource allocation. It furthermore concludes on a proposal for the structure and contents of the downlink control channel information.

2. Problem Assessment

No matter which information shall be sent in downlink direction, the performance of the radio interface depends on the effective usage of the radio resources. Huge effort is spent on finding the optimum resource allocation for downlink user data e.g by frequency selective scheduling. To announce the transmission parameters selected by the transmitter (e.g. which resource block/OFDM symbols, which modulation scheme etc.) to the receiver, the corresponding information must be placed into the radio resources as well. Among others, this announcement information is according to the current TR 25.813 V0.6.0 [1] transported in the Downlink Shared Channel, DL-SCH. In the following description this announcement information channel is called "downlink signalling channel". The function of this downlink signalling channel is similar to the former HS-SCCH.

In a straightforward design the downlink signalling information would be sent on frequency diverse radio resources only. This behaviour is depicted in Figure 1. Please node that RAN1 furthermore distinguishes the downlink control signalling into three categories. To ensure that all active UEs can receive the downlink signalling channel correctly, the modulation and coding scheme must be very robust. Additionally the power allocated to the downlink signalling channel is understandably rather high.

On the other hand, for the user data it is common sense that the scheduler should be able to allocate resources according to their expected quality during transmission. This ensures efficient resource usage for the user plane.

Based on currently discussed contents of the downlink signalling channel, the following proposal shows a principle according to which it will be possible to have similar efficiency for the downlink signalling channel as it is already envisaged for downlink user data (see Figure 2).

3. Signalling Structure for Control Channels

Within RAN1 and RAN2 there is an agreement that two basic scheduling modes for UE data will be used: frequency diverse scheduling for e.g. fast moving UEs and frequency selective scheduling for slow or stationary UEs.

Taking the previously described topics as a basis, the downlink signalling channel can be operated by the same principle (see also [3]):

By splitting the downlink signalling channel into a frequency diverse part and a frequency selective part, the information that needs to be spread over the frequency resources can be minimised, while the expected quality of the frequency selective downlink signalling channel then can be located on radio resources with better quality that are thus better performing, resulting in much higher resource efficiency.

A minimum information about the location of the frequency selective downlink signalling channel is still always sent on a frequency diverse resource. An active UE thus always receives the frequency diverse downlink signalling channel on very few radio resources, to listen for its identification. As soon as the UE detects its identification in the frequency diverse downlink signalling channel, it decodes the Category 1 information and therein finds the position of the Category 2 and 3 information. 
This Category 2 and 3 information can either be placed in the frequency diverse downlink signalling channel as well (see Figure 1), or in a separate frequency selective downlink signalling channel (see Figure 2).
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Figure 1: Frequency Diverse Operation of the Downlink Signalling Channel 

Note that Figure 1 shows the general structure and contents of the downlink signalling channel which has to be used for all UEs which can not be scheduled in the frequency selective scheme. It is not meant as a proposal for the location of the OFDM symbols used for the frequency diverse downlink signalling channel.
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Figure 2: Frequency Selective Operation of the Downlink Signalling Channel 

Note that Figure 2 shows the general structure and contents of the downlink signalling channel when operated in a frequency selective scheme. It is neither meant as a proposal for the location of the OFDM symbols used for the frequency diverse downlink signalling channel nor as a proposal for the location of the OFDM symbols used for the frequency selective downlink signalling channel. The location of the frequency selective parts of the downlink signalling channel is shown for example only. The location of these parts can be predefined, e.g. starting in the beginning of the announced resource block. The announcement of this first resource block is done in the Category 1 information.

Identification of the operation scheme (frequency diverse or frequency selective):

As the information element "modulation" has two bits, but there are only three reasonable values for the modulation schemes, i.e. QPSK, 16 QAM and 64 QAM, the remaining value, e.g. the zero-value can be used to identify the frequency diverse operation depicted in Figure 1. 
In the frequency selective operation the bits are used to identify the modulation of the first resource block, containing the frequency selective part of the control channel (i.e. Category 2&3 information) together with some user data, which fills the rest of this resource block
On the frequency selective downlink signalling channel, it will not be necessary to repeat the identification of the UE. Instead only the information about the presence and location of user data in the downlink is included. By decoding the frequency selective downlink signalling channel, the UE knows which (e.g. amount and location) and how (e.g. modulation and duration) the radio resources were used for the downlink user data. This principle is depicted in Figure 2 as Category 2&3 parts of the downlink signalling channel information.

Applying the proposed principle the Table 1 discussed in RAN1 should to be modified in the following way:

	
	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

	
	Multi-Antenna modes
	2-3
	E.g., MIMO1, MIMO2, Tx Diversity, Beamforming, Single Antenna, .... etc

	
	Modulation scheme
	2
	One codeword (e.g. both bits set to zero) indicates that Cat.2&3 are sent frequency diverse;

Remaining codewords (e.g. values [1..3]) indicate the modulation scheme which is applied to both, the frequency selective Cat.2&3 information and the user data: QPSK, 16QAM, 64QAM.

	
	Resource block assignment
	FFS
	OPTIONAL;

only present if previous information element "Modulation scheme" indicates frequency selective operation;

Indication of the one resource block that contains the frequency selective Cat.2&3 information. 

	
	MIMO stream information
	FFS
	OPTIONAL;

only present for some combinations of the information element "Multi-Antenna Modes";

Identification of the MIMO stream, for which the Cat. 2&3 information is valid. The amount of bits is ffs.

	
	MIMO extension flag
	1
	OPTIONAL;

only present if previous information element "Modulation scheme" indicates frequency selective operation;

Indication about the presence of further combinations of the four information elements  "Modulation scheme", "Resource block assignment", "MIMO stream information" followed by another "MIMO extension flag". This is used in the case multiple MIMO streams shall be transmitted.

	Cat. 2
(transport format)
	Resource block assignment
	FFS
	Indicates which resource blocks the UE(s) shall demodulate, this information element is used for frequency selective as well as for frequency diverse operation.

	
	Duration of assignment


	2-3


	The duration for which the assignment is valid, could also be used to control persistent scheduling. Note that duration of assignment can be jointly interpreted in combination with payload size to signify variable TTI.



	
	Payload size
	6
	Interpretation could depend on e.g. modulation scheme and the number of assigned resource blocks (c.f. HSDPA)

	Cat. 3
(HARQ)
	Hybrid ARQ process number
	0 or 3 
	Only required in case of an asynchronous hybrid ARQ scheme

	
	Redundancy version
	2
	To support incremental redundancy. Also serves as a ‘new data indicator’. 


 

Table 1: Proposal for the Contents of the Downlink Signalling Channel 

Note that Table 1 shows the general structure and contents of the downlink signalling channel. It does not refer to any timely sequence of the information elements.

MIMO aspects:

The current assumption is, that several independent MIMO streams may be transmitted with different rates (e.g. with different modulations).

One possibility to support this is to allow multiple fields for the Category 2&3 information, in which case the Multi-Antenna mode information should contain the information which MIMO scheme is applied. For such MIMO support, the Category 1 information needs to contain further combinations of the information elements "Modulation scheme" "Resource block assignment", "MIMO stream information"  followed by another "MIMO extension flag". For the purpose to extend the Category 1 information, the information element "MIMO extension flag" (consisting of a single bit) is used.

Advantage

The big advantage of the proposed solution is that the efficiency of the frequency selective downlink signalling channel is significantly increased compared to the pure frequency diverse operation of the downlink signalling channel. 

5. Conclusion

This paper has outlined the structure of an efficient signalling structure for the downlink signalling channel to ensure optimum performance of the OFDM air interface.

In summary:

It is proposed to add the necessary information elements into the definition of the downlink control channel to support the principle of the split into a frequency selective and a frequency diverse part of the control channel.

In particular:

Category 1 Information shall be usable for insertion into the frequency diverse part of the control channel.

Thus it shall contain all the necessary information for the indication of the (first) resource block, which is used for both

· the frequency selective part of the control channel, i.e. the Category 2&3 information

· and the user data that is located in the same resource block and others, which are indicated within the Category 2 information.

The amount of bits for the resource identification within Category 1 information may thus be limited to identify only one resource block; the one which is used for the frequency selective part (i.e. Category 2&3 information) of the control channel.
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