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1. Introduction
In the last RAN1 #46 meeting, there has been an agreement on the parameters of the resource block size, TTI length etc. as follows:

Parameters (uplink and downlink):

· Resource-block size: 12 sub-carriers during one 0.5ms sub-frame

· TTI: 2 sub-frames (1 ms)
· Repetition of Ack/Nack beyond 1 ms to be considered
Allocation (uplink and downlink):

· Baseline allocation is two consecutive (in time) resource blocks within a TTI

· Possibility for mapping of transport block to single resource block to be considered
· Possibility for intra-TTI frequency hopping (hopping at sub-frame boundary within a TTI) to be considered
Whilst we agree the parameters (downlink and uplink), there was not a discussion how to allocate the minimum unit of the resource blocks and single resource block for a user. So in this contribution, we provide some solutions.

2.  Single Resource Block Allocation for a user
As agreed in the last meeting, UE should assume two consecutive (in time) resource blocks (RBs) within a TTI. The assumption here is that the reported CQI has indicated to use these resource blocks based on channel condition. In addition, it must be noted that the channel variation in time domain is small for the two adjacent resource blocks.

However, in some applications, there is a need to map a transport block to single resource block within a TTI. In that case, there is a need to inform the UE that there is a single resource block allocation and also which part of the TTI (i.e. on the 1st or 2nd subframe ), UE should expect its data. Therefore, we propose the following signaling bits to differentiate these situations as shown on Table 2.



Table 2. Resource Block Concatenation Indicator

	11
	Two consecutive resource blocks within a TTI

	10
	Only one resource block on the first subframe within a TTI

	01
	Only one resource block on the second subframe within a TTI


3.  Resource Block sizes
In the last meeting, it was agreed that the minimum unit of the resource allocation is 12-subcarriers and if the number of available subcarriers does not divide with 12, then the remaining subcarriers should be utilized for transmission. It was also mentioned that the resource blocks should not be splitted by the DC subcarrier. However, the later one may not be common understanding among companies. This needs further clarification how the resource blocks could be arranged across the available bandwidth. In order to get best arrangement, some factors needs to be taken into account, such as DC distortion, to be divisible by 12 and to get symmetric resource block allocation from the centre. We come up three possible options of arranging the resource blocks:
a) The DC subcarrier splits the central resource block: This means that all resource blocks are equal size with 12 subcarriers for 5MHz, 10MHz, 15MHz and 20MHz bandwidths. After that, if the number resource blocks are not even for some of these above bandwidths, the central resource block is 13 subcarriers including the DC subcarrier which divides the resource block as shown on Figure 1 for 5MHz bandwidth in the downlink transmission. In addition, similar arrangement can be applied for the uplink transmission, but the central resource block will be 12 subcarriers. However, it is for FFS how to arrange the resource blocks for 1.25MHz and 2.5MHz bandwidths as the corresponding number of subcarriers are not divisible by 12.
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Figure 1. Resource Block Allocation for 5MHz Bandwidth. 

b) The DC subcarrier do not split the resource blocks:  In this case, the resource blocks are arranged so that the last resource blocks on either side of the DC subcarrier are longer than 12 subcarriers as shown on Table 2.   Also an example is shown on Figure 2 for 1.25MHz bandwidth.    
       Table 2. Number of resource blocks for the downlink and the uplink
	MHz
	1.25
	2.5
	5
	10
	15
	20

	Number of occupied subcarriers excluding 
DC subcarrier
	75
	150
	300
	600
	900
	1200

	Number of Resource

Blocks per subframe
	6

 The last resource  blocks on the left and right ends are  13 and 14 subcarriers respectively
	12

 The last resource  blocks on the left and right ends are  both 15 subcarriers
	24
The last resource  blocks on the left and right ends are  both 18 subcarriers
	50
	74
The last resource  blocks on the left and right  ends are  both 18 subcarriers
	100
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Figure 2. Resource Block Allocation for 1.25MHz Bandwidth. 

c) The DC subcarrier do not split the resource blocks: The resource blocks on either side of the DC subcarrier are alternating between 12 and 13 subcarriers as shown on Table 3.   Also an example is shown on Figure 2 for 2.5MHz bandwidth.    
          Table 3. Number of resource blocks for the downlink and the uplink
	MHz
	1.25
	2.5
	5
	10
	15
	20

	Number of occupied subcarriers excluding 
DC subcarrier
	75
	150
	300
	600
	900
	1200

	Number of Resource

Blocks per subframe
	6

Resource  blocks  are alternating between 12 and 13 subcarriers.

In addition, the last one on left is 14 subcarriers
	12

Resource  blocks  are alternating between 12 and 13 subcarriers.


	24

Resource  blocks  are alternating between 12 and 13 subcarriers.


	50
	74

Resource  blocks  are alternating between 12 and 13 subcarriers.
	100
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Figure 3. Resource Block Allocation for 2.5MHz Bandwidth. 

The advantage of option a) is the simplicity as the UE always processes an equal size resource blocks. But, the effect of the DC distortion may hit on the central resource block.
Option b) reduces the effect of DC distortion, but, the resource blocks are unequal size which increases the complexity at the UE. In addition, the 1.25MHz bandwidth do not provide even number of resource blocks, hence not symmetric.
Option c) is the same as option b). Additionally, for 15MHz, the alternating resource blocks of 12 and 13 subcarriers do not span across the total bandwidth which makes the allocation non-uniform. 
Finally, it is to be noted that the presence of the pilots and control data are ignored in the above analysis to simplify the descriptions.
4. Conclusion
In this contribution, we proposed Resource Block Concatenation Indicator to inform UEs whether there is a concatenation of two consecutive resource blocks in time domain or single resource block allocation on the first or second subframe within a TTI.

In addition, we provided how to allocate the minimum unit of the resource blocks for different bandwidths where the available subcarriers are not divisible by 12. Three options were discussed and we recommend option a) for both downlink and uplink transmissions. 
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