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1. Introduction

In this contribution, we propose to definition of a resource block (RB) size that is narrower than current working assumption, i.e. 375 kHz [1], for both the downlink and uplink.

2. Necessity of Narrower RB Size
The current working assumption for the resource block size is 375 kHz, which corresponds to 25 sub-carriers both in the downlink and uplink. However, for the following reasons, we recommend a narrower RB than 375 kHz.

(1) Efficient usage of radio resource for transmission of small payload.

RB size of 375 kHz is too large to transmit small traffic such as VoIP and TCP ACK especially under good channel condition. Assuming 7.95 and 12.2 kbps AMR codecs with a 3-byte ROHC header and 2-byte CRC, the size of the VoIP packet becomes 200 and 296 bits, respectively [2]. In addition, the silent indicator (SID) is transmitted during the time without voice activation. The size of the SID packet is 96 bits considering 3 bytes for the robust header compression (ROHC) and 2 bytes for the cyclic redundancy check (CRC). Furthermore, the size of TCP ACK with 2 bytes CRC is assumed to be 336 bits. Since the efficiency of the RB size depends on the combination of the data modulation and coding rate (MCS), we calculate the average efficiency, taking the MCS selection probability into account. In this evaluation, we assumed that two OFDM symbols are used for the common pilot and L1/L2 control signaling. We assumed the agreed simulation assumption of Case 1 in [1] to obtain the selection probability of the MCS. Figure 1 shows the average efficiency as a function of the RB size.

Figure 1 shows that the a smaller RB can improve the average efficiency. For example, by using a 120 (180) kHz RB, the average efficiency is improved by approximately 15 (10)% for the TCP ACK. Furthermore, this improvement is large for a smaller packet. For example, by using a 120 (180) kHz RB, the average efficiency is improved approximately 25 (40)% for the SID packet. 

[image: image1.emf]0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

50 100 150 200 250 300 350 400

Average efficiency

RB bandwidth (kHz)

TCP ACK

12.2 kbps AMR

7.95 kbps AMR

SID

VoIP


Figure 1 – Average efficiency as a function of RB bandwidth 

(2) Uplink coverage

The significant enhancement in the user throughput at the cell edge through the E-UTRA uplink compared to E-DCH is largely due to the use of narrow band transmission rather than the system bandwidth based on SC-FDMA. From [3], we can see a further potential increase in the user throughput at the cell edge by using a narrower RB than 375 kHz.

(3) Uplink control channel transmission

As we discussed in [4], we think that the multiplexing of data-non-associated control signaling for UEs that transmit only the L1/L2 control using a semi-statically assigned time-frequency region (Method 2 in [1]) is a promising scheme. However, HARQ ACK/NACK of the downlink transmission should be fed back in the uplink every sub-frame due to the strict delay requirement for the ACK/NACK. In this case, if we use the current RB for creating the time-frequency region for data-non-associated control signaling for every sub-frame, the control signaling overhead becomes large. Therefore, a smaller RB can be used for efficiently creating the time-frequency region for data-non-associated control signaling for every sub-frame. 
3. Proposal for Small RB Size
For the reasons described in Sec. 2, we propose a smaller RB than the current working assumption such as 375 kHz and 0.5-msec duration both in the downlink and uplink. 

· Multiplexing: Two options are considered to generate a smaller RB than the current working assumption: FDM and TDM. Between the two options, we consider that FDM is better than TDM althrough further investigation is necessary.

· Size: Although the exact value of the RB size is dependent on the final decision on the number of sub-carriers within overall transmission bandwidth, approximately half of the current RB size, e.g. 120 kHz (8 sub-carriers assuming 15-kHz sub-carrier spacing), seems to be a good candidate.

· Scheduling: In order to avoid the increase in the L1/L2 control signaling bits for assigning a smaller RB, we do not consider the application of channel-dependent scheduling to a smaller RB than the current working assumption. That is, the minimum RB bandwidth, i.e., frequency granularity, to perform frequency domain channel-dependent scheduling is 375 kHz. Instead, the relation between the number of RBs a smaller than 375-kHz and the locations in the entire transmission bandwidth is pre-decided in the frequency domain. Thus, the Node B informs UE of the configuration of RBs within a sub-frame, i.e., the number of RBs for each RB size and the index of the assigned the RB, using higher layer control signaling or L1/L2 control signaling. Figure 2 shows an example of the small RB size assignment when 10 small RB sizes are assigned in the sub-frame. As shown in the figure, the locations of the RBs in the entire transmission band for the smaller-size RBs are fixed, i.e., smaller RBs are assigned into every 375-kHz RB location. Accordingly, we can reduce the control signaling overhead.
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Figure 2 – Example of assignment of different sized RBs

4. Conclusion

In this contribution, we proposed using a narrower RB bandwidth than the current working assumption of 375 kHz. In this case, to avoid an increase in the number of L1/L2 control signaling bits, we proposed that the relation between the number of RBs smaller than the 375-kHz bandwidth and the locations in the entire transmission bandwidth be pre-decided in the frequency domain.
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