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1 Introduction
In R1-081539 [1], it was presented that the interference measured from reference signals is larger than the actual interference experienced by data REs, especially in the lightly loaded system. This is due to the fact that reference signals are transmitted in every cell but the data signals are transmitted in only a subset of cells; thus the REs used for reference signals experience more interference than the REs used for data. Consequently, the CQI calculated by utilizing the estimated interference from RS is pessimistic, and it negatively affects the system throughput.
We propose a control signaling for informing every UE in a cell of a subset of unused RBs, so that each UE can have a better estimate of interference for CQI calculation.
2 Control Signalling for Informing Unused RBs to every UE in a Cell
After finishing assigning RBs to UEs, eNodeB can identify RBs not assigned to any UEs in a cell. In order to give a more accurate interference estimate to the UEs, eNodeB shall transmit a control message informing every UE in a cell of a subset of unused RBs every once in a while. For example, the control message shall be sent once in every 10 sub-frames; for another example, the control message shall be sent only opportunistically when eNodeB finds a lot of unused RBs. This control message shall be transmitted in the common search space as well as it shall have a special RNTI or MAC-ID that all the UEs know, so that every UE can access the information. 
For this control signaling, we present two approaches. 
Approach 1: We use DCI format 1A for the control signaling. Two methods are considered here. One method (method A) is shown in Figure 1, where we use the resource allocation field of format 1A, to describe contiguous unused RBs. The other method (method B) is shown in Figure 2, where we use all the bits in DCI format 1A excluding RNTI/CRC describe the set of unused PRBs using the methods of resource allocation type 0 or 1 in 7.1.6 of 36.213 [2].
Illustrative examples of methods A and B are shown in Figure 1 and Figure 2. In the figures, the system has 40 DL physical RBs (PRBs), i.e., 
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 and the base station signals the control message every 5 sub-frames. In method A, the largest set of unused consecutive PRBs is described, while in method B, the set of unused PRBs is described.
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Figure 1 An illustrative example of approach 1, method A: describing the largest set of consecutive unused RBs using format 1A
[image: image3.png]sawel-qns

=

Il L] I

L] I I

[ Un-assigned PRBs
B Assigned PRBs
M1 Unused PRBs reported to UEs for interference measurement




Figure 2 An illustrative example of approach 1, method B: describing the set of unused RBs taking advantage of the bits in format 1A other than resource allocation and RNTI/CRC
Approach 2: We use DCI format 1C for the control signaling. An example of approach 2 is shown in Figure 3, where we use all the bits in DCI format 1C excluding RNTI/CRC describe the set of unused PRBs within a subset of RBs using the methods of resource allocation type 0 or 1 in 7.1.6 of 36.213 [2]. For this purpose, we define a new DCI format 1D that has the same size as 1C for the control message. DCI format 1D consists of three fields as shown in Table 1; one for CRC/RNTI as in 1C, another for describing the unused RBs (the Unused-RB-Indicator (URI) field), the other for indicating a subset index (the SSI field). Here we assume that 1C has 10 bits other than CRC/RNTI, while the exact size of format 1C is still TBD. We first partition the system RBs into subsets of 
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 is defined in Table 1 and 
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 is the RBG size in Table 7.1.6.1-1 in 36.213 [2]. We note that the last subset may have a smaller number of RBs than the others. In a control message for a subframe, the set of unused RBs within a single subset is described by resource allocation type 0 or 1 (7.1.6 in 36.213 [2]), and the subset the current message describes is indicated by the SSI field. 
An illustrative example of the approach is shown in Figure 3. In the figure, the system has 40 DL PRBs, i.e., 
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 and eNodeB signals the control message every 5 sub-frames. The RBG size is 3 for 
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; thus the system RBs are divided into two subsets by the black line in Figure 2. We use the 8 bits assigned for the URI field to describe whether each of the 8 RBGs in a subset is empty or not, and use the two bits for the SSI field to indicate the subset the current message describes; 00 indicates the first subset, 11 indicates the second.
Table 1 DCI format 1D used for the control message
	RNTI/CRC
	Unused RB Indicator length
	Subset Index length

	16
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Figure 3 An illustrative example of approach 2: describing the set of unused RBs within a subset using the available bits in format 1C other than RNTI/CRC
3 Conclusion
Our proposed approach can provide us benefits as described in the following:
1. We can provide UEs a relatively accurate estimate of interference by adding only one DL control message, without wasting any data REs. 
2. We can utilize an existing DCI format to transmit the control message carrying information on unused RBs.
3. The control message is scheduled to be transmitted only sporadically. For example, eNodeB may transmit the control message periodically, say, once in every 10 sub-frames; for another example, eNodeB may transmit it opportunistically.
4. A UE progressively obtains a better interference estimate, as it averages out the interference values over sub-bands and sub-frames.
5. A UE may opportunistically utilize this control information only when the UE wants to feedback a better-quality CQI.
Currently, system-level simulations are conducted in order to illustrate the advantages of using the proposed method. The simulation results will be made available in the upcoming meetings.
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