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1 Introduction

This contribution discusses the downlink control signaling for LTE. We first discuss the required information for downlink signaling and introduce the possible transmission scheme for this signaling.
2 Information for downlink signaling
During the previous E-mail discussion, we made a basic assumption on what kind of information is required and how many bits are required. This section discusses the required information for downlink signaling with this current assumption.
2.1 Information for downlink scheduling
Table 1 is showing the summary of the signaling information for downlink scheduling, which is still being discussed in Email reflector. [2] This may be changed depending on further discussion. 
	
	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 resource units the UE(s) shall demodulate

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

	Cat. 2
(transport format)
	Modulation scheme
	2
	QPSK, 16QAM, 64QAM

	
	Multi-antenna related information
	FFS
	Content depends on the MIMO/beamforming schemes selected (e.g., number of streams).

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

	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
	Redundancy version
	2
	Used to derive redundancy version (to support incremental redundancy) and ‘new data indicator’ (to handle soft buffer clearing)


Table 1: Downlink scheduling information
Number of bits for UE ID can be decided to cover the required maximum number of simultaneous UEs. Here 8-9 bits are assumed to support the 200~400 UEs [4]. If dormant UEs are to be covered, the bit size should be enlarged.
There would be many possibilities for the resource assignment scheme. There might be some differentiations between distributed transmission and localized transmission. For distributed transmission, we may allocate the contiguous resource for a single UE when multiple resources units are assigned to the UE. However, for localized transmission, it should be possible to indicate any resources to a UE regardless of contiguous or not. So different resource allocation method is required. (E.g. run length approach for distributed transmission / bitmap approach for localized transmission)
2.2 Information for uplink scheduling
Table 2 is showing the summary of the signaling information for uplink scheduling, which is still being discussed in Email reflector. [2]
	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. 


Table 2: Assumption for uplink scheduling grant
In uplink, the resource assignment would be different from that of downlink, since single carrier property should be maintained. The resources assigned for a single UE should be contiguous for localized transmission or equally distanced for distributed transmission.
2.3 ACK/NACK

	Field
	Size
	Comment

	ACK/NACK
	1
	One bit per uplink transmission and TTI


Table 3: Assumption for ACK/NACK
Transmission of ACK/NACK is discussed in [3]
3 Transmission of downlink signaling
For the signaling of downlink scheduling information, 2-step approach is preferred: (1) Shared control signaling (2) dedicated control signaling. Here, shared control information is the signaling that should be monitored by multiple UEs and dedicated control information if the signaling that just monitored by a scheduled UE. The information regarding resource allocation (category 1 data) could be the shared control information and the information regarding transport format and HARQ related information (category 2 and 3) could be the dedicated control information.

For the signaling of uplink scheduling information, all the information could be considered as shared control information.
3.1 Transmission of shared control information

For the signaling of the shared control information, the relevant resource should be known to the UEs a priori. The channel coding for shared control information can be done by these alternative ways.

(1) Separate coding for a single UE: Each control channel has the control information for a single UE, which is the similar case with HS-SCCH. The transmission power can be set in a proper level with the single UE, but the coding gain would be small compared to other approach and the overhead might be too large. UE should monitor multiple control channels.
(2) Jointly coding for multiple UEs: There may be more than one control channels. More than one scheduled UEs are jointly coded together and transmitted with a control channel. The information size becomes large, so it is possible to have high coding gain. But the power for this channel should be set to satisfy worst channel UE in the group, the power efficiency may be worse than the separate coding approach. But, note that we can still achieve power efficiency via proper grouping of the UEs e.g. experiencing similar channel condition. UE should monitor at least one control channel.
Joint coding for multiple UEs (approach (2)) is preferred to have appropriate tradeoff between the overhead and the power requirement. 
Joint coding might be performed by the following way: the control information with UE ID attached of multiple UEs is concatenated into a code block, one CRC is attached, and finally channel coding is performed. However, small error might lead to the complete error of all control information with this approach. To avoid this problem, we consider to apply the UE-specific CRC together with the joint coding as shown in figure 1. Instead of signaling of UE ID itself, UE-specific CRC (CRC masked with UE ID) is attached to control information. Even though the decoding of a code block fails, the control information for certain UEs can be considered error-free thanks to the UE-specific CRC.
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Figure 1: Joint coding of shared control information
For the transmission of shared control channel, distributed transmission is preferred in order to have time-frequency diversity gain.
3.2 Transmission of dedicated control information

Simply it is possible to multiplex the dedicated and shared control information and perform channel coding for both information together. However, this approach will require transmission of UE IDs only even for indicating the transmission format without changing the resource allocation. 
Furthermore, for the localized transmission, the resource assigned for data transmission would show a good channel response for the UE if frequency selective scheduling is performed. 
So, the assigned resource would be the good choice to transmit the dedicated control information with, i.e. the dedicated control information and relevant data will share the assigned resource. Figure 2 is the conceptual illustration of the transmission of shared control information and dedicated control information.
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Figure 2: Transmission of downlink control information
4 Summary
This contribution proposes the following points.

· Control information for downlink scheduling

· Control information is divided into two parts
1. Shared control information for resource allocation
2. Dedicated control information for transport format and HARQ functionality
· Shared control information of multiple UEs is jointly coded and transmitted using the distributed transmission. UE-specific CRC is applied together with the joint coding scheme.
· Dedicated control information is transmitted using a part of assigned resource.

· Control information for uplink scheduling

· Control information for multiple UEs is jointly coded and transmitted using the distributed transmission.
5 Conclusion
This contribution discussed the basic downlink control signaling schemes, including required control information and transmission scheme. It is proposed to agree on the proposal summarized in section 4 and capture the relevant contents into the TR 25.814 [1].
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