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1 Introduction

As discussed on the email reflector and summarized in [1][2], downlink control signaling needs to convey the following downlink scheduling information in Table I.
	
	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 I: Downlink scheduling information required by a UE [1]
Whether to use separate or joint coding for the control information is still an open issue especially regarding the category 1 information. Although the conclusion needs to be drawn based on detailed simulation results, it seems that the potential benefits with separate coding such as individual power control, efficient signaling on the scheduled resources, reduced signaling overhead etc outweigh the larger coding gain from joint coding [6].
In this contribution, we discuss downlink control signaling and propose a signaling scheme for DL resource assignment indication.  

2 Signalling of DL scheduling information
2.1 Separate coding 
Limiting resource allocation to contiguous resource blocks (RBs) can reduce signaling overhead of resource assignment indication, especially significantly in joint coding. But allowing only contiguous allocation sacrifices system performance, curtailing freedom of scheduling.  Resource scheduling with full flexibility usually requires a bitmap-like indication for each UE to address allocation of any combinations of RBs. The signaling scheme proposed in [3-6] seems to be a promising solution for reducing the overhead of resource assignment indication, where DL scheduling information of a UE is transmitted within RBs scheduled for the UE. In this scheme, the location of control information in the time/frequency resource space indicates the starting RB of an assignment, requiring no explicit signaling, and a run-length indicates the number of contiguous RBs assigned for the same UE. In localized transmission, such signaling on the same tones as scheduled RBs have performance benefits from the frequency domain scheduling. 
Although it is clear that this scheme reduces signaling overhead with contiguous resource allocation, the same UE ID needs to be repeatedly transmitted as many times as non-contiguous RBs. An additional drawback is that the UE needs to attempt a large number of possible positions, which can be as large as the total number of RBs in the scheduling band. Furthermore, if the UE misses anyone of its IDs, the UE fails to receive the transmission.
2.2 Resource assignment indication
For the purpose of resource scheduling, the Node-B’s total transmission bandwidth may be partitioned into multiple subblocks. For example, we may divide a 10 MHz bandwidth into two 5 MHz blocks and separately transmit control signaling for each 5 MHz block. 
Another important aspect regarding downlink resource scheduling is whether we allow non-contiguous allocation or not. Limiting the resource allocation to contiguous RBs only has a clear benefit of reduced signaling overhead, which but may introduce substantial performance degradation. In this contribution, we assume full freedom of scheduling allowing any possible combinations of RBs to be scheduled to the UE. 
2.2.1 Localized transmission 

In this section, we describe the proposed signaling scheme for localized transmission UEs, which has the following characteristics. 
· Separate coding is applied to individual UE’s control information, which has advantage of  UE-specific adjustment of transmission parameters (transmit power etc.).
· Scheduling information including a UE ID (or a UE-ID specific CRC) is embedded in certain tones within one of the corresponding UE’s scheduled RBs. Such transmission of scheduling information on the same tones as the scheduled RBs has a performance benefit from the frequency domain scheduling in the case of localized transmission, which was originally proposed in [3].
· Scheduling information of a UE is contained in only one RB regardless of whether the UE is scheduled on contiguous or non-contiguous RBs, which is in contrast with [3], where the same UE ID is repeated in multiple RBs in the case of non-contiguous RB allocation.
· A position-dependent bitmap indicates an assignment of resources except for the starting RB containing the scheduling information and the preceding RBs.
· The size of the scheduling information is dependent on the position, but transparent to UEs, thus requiring no blind detection for the format.
Consider a scheduling band consisting of NPRB  RBs. If a UE is allocated S RBs among NPRB  RBs, the scheduling information for the UE is located within the one of the scheduled RBs, for example, with the lowest RB index. The scheduling information includes the UE ID (or the UE-ID specific CRC), resource assignment information, and additional information (duration of assignment, and possibly category 2, 3 information such as transport formats and H-ARQ related information). Assuming that the lowest RB index among the indices of the UE’s scheduled RBs is T, the resource assignment information is a bitmap consisting of (NPRB  – T) bits for indication of (S – 1) assigned RBs. Each of the (NPRB  – T) bits in the bitmap indicates whether or not each of the remaining (NPRB  – T) RBs is allocated to the UE.  
Figure 1 shows a signaling example for six UEs scheduled within a 5 MHz bandwidth block with 12 RBs. The UE dependent allocated RBs, the location of scheduling information, and the bitmap size are described in Table II. For instance, the UE 3 is scheduled with RBs  #4, 5, 6, 8, and 9, the scheduling information for the UE 3 appears only once within  RB # 4. The position of the scheduling information implicitly indicates the starting RB (RB #4), and the remaining allocation of RBs # 5, 6, 8, and 9 is indicated by a bitmap. Note that the size of the bitmap is dependent on the index of the RB where it is located; it is the maximum (11 bits) at RB # 1, while it decreases by one as it moves to the next higher RB index to the right, and finally zero bit at RB #12.
The proposed scheme can be efficient for signaling when the UE is scheduled to non-contiguous RBs. For example, with the proposed scheme, assuming a 12 bit UE-ID specific CRC, 20 bits are required for the UE 3 for UE identity and resource indication, while the previous scheme in [3] requires 32 bits assuming 4 bits of contiguous allocation indication. Furthermore, since the control information appears only once, the UE does not need to attempt the whole RBs, and misdetection rate is relatively lower, compared with the multiple-detection scheme in [3].
	UE
	Allocated Resource Block(s)

(#)
	Location of Scheduling Information (#)
	Bitmap Size

(bits)

	UE 1
	1, 2
	1
	11

	UE 2
	3, 7
	3
	9

	UE 3
	4, 5, 6, 8, 9
	4
	8

	UE 4
	10
	10
	2

	UE 5
	11
	11
	1

	UE 6
	12
	12
	0


Table II  Resource allocation and signaling in Fig. 1
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Figure 1 Illustration of signaling of DL scheduling information

2.2.2 Distributed transmission 

The same approach described for localized transmission can be applied to distributed resource allocation. The virtual resource blocks (VRBs) consisting the scheduling subband block can be arranged in a certain order. Similar to the localized transmission case, scheduling information including the UE ID is assigned on one of scheduled distributed VRBs with the lowest index (or highest index), which then, under a certain mapping relation, is mapped to physical resources in time/frequency resource space for transmission. Now, the bitmap describes the allocation of VRBs using a priori knowledge of the pre-defined ordering between VRBs. With a pre-defined order between the distributed VRBs, we may define contiguous allocation for distributed transmission as allocation of VRBs contiguous in order. 

However, in distributed transmission, channel dependent scheduling would not be as effective as in localized transmission since the distributed resources are scattered over the time/frequency resource space. Hence, we expect that contiguous allocation of distributed VRBs does not introduce a substantial loss in system performance. In this case, the UE ID for the starting RB indication and a run-length for the number of contiguously allocated RBs may minimize the signaling overhead.
2.3 FDM versus TDM
The multiplexing of control information relative to data can be TDM, FDM, or scattered type. In the TDM case, positioning the control information at the beginning of the subframe is preferred to allow for a “micro sleep”, whose efficiency, however, was questioned in [7]. In the FDM or scattered case, the distribution of control information over OFDM symbols allows for easy power management between control information and data. This implies that in terms of the Node B power requirement and the cell coverage, the FDM or scattered type is favored over the TDM.
3 Conclusion
We have proposed a signaling scheme for DL resource allocation indication, in which scheduling information is individually coded and conveyed in one of the UE’s scheduled RBs and the remaining allocation is indicated by a position-dependent bitmap. The proposed scheme is expected to be efficient for localized scheduling with full scheduling flexibility allowing non-contiguous RB allocation.
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