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1. Introduction

In the RAN1 LTE Ad Hoc meeting in Cannes different minimum resource allocation sizes were discussed. This contribution discusses the benefits of a 15 subcarrier minimum resource block size which can also be used to create effective 30 subcarrier resource blocks to minimize downlink L1/L2 control overhead.

2. 15 Subcarrier Resource Blocks
There are several advantages to a minimum resource block (RB) size of 15 subcarriers compared to 25 subcarriers which include:

· Finer resource allocation (RA) granularity better for small packets like those used for VoIP.
· Allows packing of more packets per TTI due to more resource blocks available
· Larger TTI sizes e.g. 1ms can be supported without loss in spectral efficiency
· ( Less need for fractional resource blocks for small packets

· Lower AMR codec rate capacity is not constrained by maximum packets/TTI limit
· Avoids performance bottleneck if very high SINR cell conditions are achieved
· Finer resource allocation granularity for LTE carrier bandwidths below 5 MHz to enable efficient uplink L1/L2 control mapping.  For example, for a 1.25 MHz LTE carrier:
· 25 subcarrier RB dedicated to uplink L1,2 control uses 1/3 of resources (see Figure 1)
· 15 subcarrier RB dedicated to uplink L1,2 control uses 1/5 of resources (see Figure 3)
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Figure 1 – 25 subcarrier RBs for 1.25 MHz carrier with uplink control (C) using 1/3 of resources

However, with regard to downlink L1/L2 control overhead 15 subcarrier resource blocks result in:

· 20 RBs in 5MHz versus 12 RBs for 25 subcarrier sized RBs 

· more UL CQI feedback overhead for frequency selective scheduling
· 20 bit Resource Allocation (RA) bit map versus 12 bits for 25 subcarrier sized RBs
· More DL L1/L2 signaling overhead for indicating non-contiguous RB allocation

Table 1 – #RBs per 5MHz carrier for different RB sizes
	#subcarriers/RB
	#RBs for 5MHz LTE carrier
	RB bandwidth

	12
	25
	180 kHz

	15
	20
	225 kHz

	25
	12
	375 kHz

	30  (pair of 15sc RBs)
	10
	450 kHz


To avoid increased L1/L2 control overhead from larger RA map then 15 sub-carrier resource blocks can be assigned in pairs as shown in Figure 2 below.  
· Allow assignment via pairs of 15sc RBs (e.g. for frequency selective scheduling)
· Effective RB size is then 30 subcarriers
· 10 bit Resource Allocation MAP (instead of 20 bit)

· Lower (L1/L2) control overhead
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Figure 2 – Resource Allocation of pairs of 15 sc RBs. UL L1/L2 control uses edge of carrier RBs
To retain the RA granularity benefit of 15 subcarrier resource blocks for small packets/VoIP then:
1) 15 subcarrier RB pairs are allocated in a semi-static manner using e.g. layer 3 signaling with one or more users in a group subsequently allocated to one or more of the RBs (see Figure 4).
a. Allows semi-static assignment of n RB pairs to persistently scheduled users

i. Individual 15 subcarrier RB can then be used by users in some predetermined or alternatively signaled way (e.g. L1/L2 control channel)
b. Assignments can be allocated in frequency diverse manner e.g. in 5MHz carrier

i. i.e. multiple 2x15 subcarrier resources are located at top of band and for retransmissions in subsequent TTI are located at bottom of band
ii. Resource pairs can also be located in middle of band for some retransmissions which also enables interference avoidance techniques

2) Static assignment of 15 subcarrier resource blocks to <5MHz carrier as shown in Figure 3 below.
3. Conclusions

It is proposed that 15 subcarrier RBs be considered for LTE due to the resource allocation granularity benefits along with a method of concatenating (pairing) them for effective 30 subcarrier RBs to reduce downlink L1/L2 control overhead for larger bandwidth LTE carriers.
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Figure 3 – 15 subcarrier RBs for 1.25 MHz carrier with UL control (C) using 1/5 of UL resources
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Figure 4 – Frequency diverse allocation of RB pairs assigned to a persistently scheduled user group
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