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1 Introduction

As mention in [1], the size of the baseline physical resource block (PRB), SPRB, is equal to MxN, where M=25 and N is equal to the number of OFDM symbols in a subframe. However, using other values such as, e.g. M = 15 or M = 12 or M = 10 or M equal to other values is still an open issue to be discussed and decided. On the other hand, the spacing in frequency domain between reference symbols of the same OFDM symbol and antennas should be taken into account while considering the size of PRB. 

In this contribution, some problems caused by the basic reference symbol structure in [1] with the size of PRB M = 25 are first discussed. Then some suggestions about the size of PRB are given to overcome these problems, which is concerning the spacing between reference symbols of the same OFDM symbol and antennas and the number of reference symbols within a PRB.
2 Problems caused by the size of PRB with M=25

The basic reference signal structure as defined in Section 7.1.1.2.2 in [1] for downlink is depicted in figure 1. The number of subcarriers in one PRB as described in Figure 1 is M = 25 and the spacing between reference symbols of the same OFDM and antennas is m = 6.  
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Figure 1 basic downlink reference signal structure

As can be seen from Figure 1, the basic reference symbols structure is characteristic with:
· The number of reference symbols varies from PRB to PRB. Figure 2 is an example to illustrate this problem. Provided the BW is equal to 5MHz, there are 300 available subcarriers (excluded the DC subcarrier), then the number of PRBs is 300/25 = 12. If the spacing between reference symbols of the same OFDM and antennas is 6, the number of available reference symbols is 300/6=50 (both for R1 and R2). Since 50 can not be divided exactly by 12, the number of reference symbols in each PRB is different, one may be 4 and the other may be 5 (both for R1 and R2). That is to say, the total number of reference symbols (R1 and R2) in one PRB may vary from 8 to 9. As can be seen in Figure 2, there are 8 reference symbols in PRB #1 while there are 9 in PRB #2.
· The relative position of reference symbols in the frequency domain in a PRB is not fixed, which also can be seen from Figure 2. For example, the relative position of R1 is {2, 8, 14, 20} in PRB #1 while is {1, 7, 13, 19, 25} in PRB #2.
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Figure 2 reference symbol structure for PRB #1 and PRB2
The variance of number of reference symbols in one PRB may cause some problems:

· Since the number of reference symbols in each PRB is different, the available symbols to transmit modulated signal in each PRB is also different. Therefore, not only the transmitter but also the receiver is required to deploy different rate matching algorithm for different physical resource block. This will undoubtedly increases the complexity of the system implementation. It also should be noted that the increased complexity will bring no system gain.   

· The demodulation performance for different PRB may be different even employing the same coding and modulation scheme and in the same radio channel. As we know that one of the main function of downlink reference symbols is downlink channel estimation for coherent demodulation/detection at the UE. Since the number of reference symbols in each PRB is different, the performance of channel estimation may be different accordingly, which resulting in different demodulation performance.

· Increase the complexity for resource scheduling in the Node B.
3 Our Proposal on the size of PRB

When deciding the size of PRB, besides the problems mentioned above, other factors should also be taken into account. 

· The signaling overhead. In general, the smaller the size of PRB, the larger the overhead of signaling, and the more gain for scheduling at the same time. But it should be noted that the scheduling gain has its limit. If the size of PRB is too small, the scheduling gain can not be achieved evidently, and it also increases the complexity of the scheduler implementation. So a well-balanced compromise has to be sough between the signaling overhead and scheduling gain.

· Traffic type. As we all know, for large data transmission, the size of PRB should be large enough to achieve high efficiency. But for small data transmission, such as VoIP[2], large PRB may become a waste of resource.

· The number of available subcarriers. The number of available subcarriers should be divided exactly by M.

To overcome the problems mentioned above and take these factors into account, we recommend using M = 12 instead of using M = 25. Figure 3 describes the PRB’s structure when using M = 12. It is assumed that two reference signals R1 and R2 are used, then the spacing in the frequency domain between reference symbols of the same OFDM symbol is m =6. It can be seen that the value of m and the value of M is satisfying the relationship as follow:

M = km      k=1,2,3,….                                                                                         (1)

In this contribution, we fix m=6.
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Figure 3 PRB structure with M=12 

From figure 3 we can find that:

· The total number of reference symbols (including R1 and R2) in each PRB is constant. As an example in Figure 3, it is fixed to 4 when using M = 12.
· When using M =12, the number of R1 and R2 is identical in each block, and the relative position of R1 and R2 in each PRB is also fixed.
Therefore, the problems caused by the variance of number of reference symbols in one PRB do not exist anymore when using M =12. Furthermore, when using M =12, it can bring some advantages as follow:

· Since the number of reference symbols in each PRB is identical, the available symbols to transmit modulated signal in each PRB is also the same. This will simplify the complexity of system implementation.

· When employing the same coding and modulation scheme and in the same radio channel, the demodulation performance of each PRB will be identical, thus simplifying the implementation of Node B.

· Because the relative position of the common reference symbols in each PRB is fixed when using M =12, it will provide the probability: we only need the common reference symbols belonging to the PRB to demodulate the PRB when the VBRs are mapped onto the PRBs in a localized manner. For example, when demodulating PRB #1 in Figure 3, we can only use the reference symbols with the index {2, 8} of R1 and {5,11} of R2 (in frequency domain), and do not need the reference symbols outside PRB #1.

For further investigation, we find that 

· When the value of M is satisfying the relationship (1), the number of reference symbols in one PRB will always be identical.

· The relative position of the reference symbols in a PRB is fixed.
From these viewpoints, it is strongly recommended using M = 12 as the size of PRB instead of M =25.
4 Conclusion

In this contribution, further consideration of the size of PRB in EUTRA is discussed. When using M = 25 as the size of PRB, some problems will arise as mentioned above which will increase the complexity both for the transmitter and receiver. Based on our investigation, it is strongly recommended using M = 12 as the size of PRB instead of M =25, which makes the number of reference symbols in one PRB be identical and the relative position of reference symbols in one PRB be fixed and simplifies the implementation both for the transmitter and receiver. 
5 References
[1] 3GPP, TR25.814 V1.5.0, Physical Layer Aspects for Evolved UTRA. 
[2] 3GPP, R1-061667, NTT DoCoMo, NEC, Sharp, “Consideration on Resource Block Size”.
