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1. Introduction

In the last RAN1 meeting in Cannes, a discussion was held concerning the physical resource block (RB) size (number of sub-carriers). Based on the discussion, the current candidate values are 25, (24), 12, and 15 sub-carriers. Among these candidates, NTT DoCoMo’s recommendation is 12 sub-carriers [1]. In this contribution, we summarize our views on the RB size.
2. Views on RB Size
2.1. Efficient Usage of Radio Resources for Transmission of Small Payload

As shown in [1], the RB size of 25 sub-carriers (375 kHz) is too large to transmit small payload traffic such as VoIP and TCP ACK especially under good channel conditions even if we assume a short 0.5-msec transmission time interval (TTI). By using a RB size of 12 sub-carriers (180 kHz), the average efficiency is improved by approximately 10% for the TCP ACK and 40% for the silent indicator (SID) packet for VoIP assuming a 0.5-msec TTI. Therefore, we believe that the RB size of 12 or 15 sub-carriers is desirable from the viewpoint of efficient RB usage for small payload transmission.
2.2. Uplink Coverage

The significant enhancement achieved 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 [2], a further increase is obtained in the user throughput at the cell edge by using a smaller RB than 25 sub-carriers. From [2], we can see a further potential increase in the user throughput at the cell edge by using a narrower RB than 25 sub-carriers.

2.3. Reference Signal Position

In the current working assumption, the downlink reference symbol is mapped every six sub-carriers. Therefore, if the RB size is 24 or 12, the position of the downlink reference symbol within the RB is constant for all RBs in the system bandwidth. When using 25 or 15-sub-carrier RBs, this consistency is not obtained since the position of the downlink reference symbol within the RB will be different. The constant positioning of the downlink reference symbol within the RB is considered to be preferable for simplifying the filtering operation in the channel estimation (interpolation, etc). Furthermore, in uplink, even RB size in long block (LB) is beneficial since the bandwidth of the uplink reference signal using the short block (SB) with 2-times wider sub-carrier separation can be same as that of RB.

2.4. Distributed RB

When we generate distributed virtual RBs by dividing one physical RB, using a 24 or 12-sub-carrirer RB size is advantageous in numerology. This is because one physical RB can be equally divided into 2, 3, 4, or 6 distributed virtual RBs in the frequency domain. If the RB size is 25 or 15, the divisor is limited to 3 or 5.

2.5. RB size in Variable TTI length

Although it is not yet decided, if there are multiple TTI values, our view on the RB size for the number of sub-carriers is as follows. For the smallest TTI size, the RB size (number of symbols in a RB) should be optimized considering the efficient usage of radio resources for transmission of a small payload. On the other hand, the main purpose of a longer TTI is to increase the coverage of the L1/L2 control signaling channel in a large cell. Since the user equipment (UE) using a longer TTI will use a relatively lower modulation and coding scheme (MCS) set due to poor link conditions, the RB utilization for a small payload is not a big problem. Therefore, we support using the same RB size for the longer TTI as is used for the shortest TTI. In this case, the number of symbols within a RB is increased according to the increase in the TTI length.
3. Conclusion
From the observation in Sec. 2, we recommend adopting the physical RB size of 12 sub-carriers. It should be noted that this conclusion is valid when the minimum TTI length is 0.5-msec. If the minimum TTI length is longer than 0.5 msec, an even smaller RB size than 12 sub-carriers becomes the optimum from the view point of efficient usage of radio resources for transmission of a small payload.
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