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1. Introduction
In the RAN1#46 meeting in Tallinn, it was agreed to change the number of subcarriers which composes one resource block (RB). The new number 12 further leads a change of the number of RBs in the system bandwidth. The change impacts on how to indicate “resource assignment” in category 1 of downlink control signaling, i.e., impacts on control signaling overhead. In this contribution, we propose one signaling way to keep it small.
2. Impact by increasing of a number of RBs
A number of subcarriers of one RB was changed to 12 from 25 in the Tallinn meeting. Accordingly, the number of RBs in the system bandwidth is changed as shown in the table 1 below.
Table 1: The number of RBs in the system
	System bandwidth [MHz]
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	# of RBs
	Old assumption
	3
	6
	12
	24
	36
	48

	
	New assumption
	6
	12
	25
	50
	75
	100


As shown in the table 1, new numbers are over double what they were in old assumption. This change impacts on how to indicate a resource assignment on DL. There have been some proposals how to indicate it [1-4]. As one proposal, bitmap approach is shown in [1]. Its concept is depicted in figure 1 below again. The bits following ID indicate whether resource block corresponding to each bit is assigned to a UE having the ID. Therefore, (
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) bits are needed to signal resource assignment to all scheduled UEs, where Nmap is the number of bits composing the bitmap and Nue is the number of scheduled UEs. The Nmap corresponds to the number of RBs for scheduling. In this document, we assume that the number of RBs for scheduling is the same as the one in the system. Therefore, when the system bandwidth is 10 MHz, the signaling bits of resource assignment is (
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) with old assumption. The Nmap, i.e., Nrb significantly impacts on the control signaling overhead.
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Figure 1: Bitmap approach

In the table 2, the number of signaling bits needed for indicating resource assignment is summarized in case of the 10 MHz system bandwidth. The corresponding values in case of old assumption (Nrb=24) are shown for comparison (inside round bracket). We can see that the values are over double old values.
Table 2: Number of signaling bits for resource assignment (10 MHz)
	Resource assignment indication scheme
	Signaling bits

	
	General Expression
	Nue=2
	Nue=6
	Nue=10
	Nue=16

	Bitmap approach
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	(Case of Nrb=24)
	(48)
	(144)
	(240)
	(384)


* Values in round bracket are ones in case of old assumption, i.e., a number of subcarriers of one RB is 25.
3. Proposal
Our proposal to reduce control signaling bits is based on following view.
- New bandwidth of a RB was decided by considering specific packet size, VoIP and TCP-ACK.
- The bandwidth of CQI reporting unit is double bandwidth new RB or wider.
3.1. Basic proposal
(1) Scheduling RB indicator
We introduce one bit indicator of RB size. The scheduler can select scheduling RB size (denoted SRB here), 12 subcarriers RB or 24 subcarriers RB and the result of selection is indicated by this indicator. The concept is shown in figure 2. When the SRB indicator is “0”, it means that resource assignment is done with 12 subcarriers RB. When the SRB indicator is “1”, it means that resource assignment is done with 24 subcarriers RB. This RB size selection is done with each UE or each packet type.
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Figure 2: SRB (=Scheduling RB) indicator
In figure 3, it is shown how to use the SRB indicator with bitmap approach. A number of signaling bits for indicating resource assignment can be reduced when there are some UEs which are scheduled with 24 subcarriers RB. On the other hand, one bit for the indicator is needed. Therefore, the more the number of scheduled UEs with 24 subcarriers RB, the fewer the total number of signaling bits.
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Figure 3: SRB indicator with bitmap approach

In table 3 below, the number of signaling bits with SRB indicator is shown. The Nue1 and Nue2 denote the number of UEs which are assigned with 12 and 24 subcarriers RB, respectively. In this table, values are calculated under the condition that Nue1 and Nue2 are the same, i.e., Nue1 = Nue2 = Nue/2. The corresponding value in case of no SRB indicator is shown for comparison (inside round bracket). All RBs consist of 12 subcarriers in the latter case.
Table 3: Number of signaling bits for resource assignment with SRB indicator (10 MHz)
	Resource assignment indication scheme
	Signaling bits

	
	General Expression
	Nue=2
	Nue=6
	Nue=10
	Nue=16

	Bitmap approach
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	77
	231
	385
	616
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* Half scheduled UEs are assigned with 24 subcarriers RB and other half are assigned with 12 subcarriers RB
* Values in round bracket are ones in case of no indicator, i.e., conventional bitmap.

* Nue1 = Nue2 = Nue/2

* Nue1/Nue RBs out of Nrb are assigned to a group of Nue1 UEs and Nue2/Nue RBs out of Nrb are assigned to a group of Nue2UEs.
The figure 4 also shows the number of signaling bits for resource assignment with various ratios of Nue1 and Nue2 in case of bitmap approach. All RBs consist of 12 subcarriers in case of no SRB indicator. The gain varies according to the ratio (Nue1:Nue2). However, as soon as there is at least one UE allocated to more than one RB, a gain can be obtained. In the best case, the number of signaling bits can be expressed Nue(1+Nrb/2) which leads significant gain from the normal bitmap case NueNrb. On the other hand, in the worst case, the number of signaling bits can be expressed Nue(1+Nrb) which leads small loss, i.e., 2 % from NueNrb. From these results, we can see this signaling way is beneficial with small scheduling restriction. It is noted that this scheme still leave room to have full scheduling flexibility by always using SRB=0.
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Figure 4: The gain on the signaling overhead (SRB indicator with bitmap approach)
(2) Left/Right indicator
Here, we propose an additional way to further reduce the number of signaling bits. The scheduler selects left or right RB of 2 RBs pair and indicates selected RB by this indicator. The concept is shown in figure 5.
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Figure 5: Left/Right indicator

This indicator is assumed to be used together with SRB indicator. It is shown in figure 6 how to use it. The elements of bitmap always corresponds to a pair of 2 RBs. Therefore, the same bit can be set between two UEs (blue and green UEs in the figure). However, the LR indicator distinguishes which RB is assigned within the RB pair to the given UE. The LR indicator is valid only when the SRB indicator shows 12 subcarriers RB assignment.
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Figure 6: LR indicator with SRB indicator and bitmap
As can be seen in figure 6, the number of signaling bits is further reduced compared to the case shown in figure 3. This benefit is valid even in the 1.25 MHz bandwidth system which has 6 RBs. Also, there is another benefit that the number of signaling bits is always the same among UEs. Therefore, the blind detection of the number of signaling bits in the UE can be avoided.
Figure 7 shows the number of signaling bits for resource assignment with combination of SRB and LR indicators. From this result, we can see significant gain with LR indicator.
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Figure 7: The gain on the signaling overhead (combination of SRB and LR indicator)
3.2. Optional proposals
When we consider the size of VoIP packet, only one or a few RBs are assigned to a UE. In such a case, many “0” bits are generated in case of bitmap approach Therefore, it is worth considering a possibility of not using bitmap approach but indicating directly RB numbers only for VoIP packet.
The higher layer signaling is proposed to use for resource assignment for VoIP packet in [5]. In such a case, the explicit signaling of SRB indicator might not be needed. We can predefine that resource is assigned with 12 subcarriers RB for VoIP and with 24 subcarriers RB for other packet categories.
4. Conclusion
We proposed to introduce a scheduling RB size indicator and left/right indicator. The former indicator indicates which RB size is used, 12 subcarriers RB or 24 subcarriers RB. The latter indicator indicates which 12 subcarriers RB within RBs pair is assigned. By this signaling way, we can expect a reduction of resource assignment signaling overhead. We see a problem of control signaling overhead increased by decision on a number of subcarriers of a RB and a number of RBs in the system. Therefore, we recommend using this proposed signaling way to reduce signaling overhead.
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