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1.  Introduction
This paper discusses an improvement for defining the system information transmission SFN in LTE. A proposal is made to allow SI transmissions to be distributed over time with a very small overhead, so that semi-persistent scheduler have more freedom in allocating resources.
2. Discussion
It has been agreed in RAN2 that SIs are scheduled at “SFN mod T = 0” where T corresponds to the periodicity of the SI. However, it was pointed out that this will lead to all SIs being transmitted at certain SFNs corresponding to the maximum value of T configured. This is shown in Fig.1.
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Fig.1  Current SI transmission model.
While such concentrated transmission can be beneficial in reducing UE battery consumption, this creates a problem when allocating semi-persistent resources to e.g., VoIP traffic. It can be expected that typically semi-persistent PRBs are allocated at 20 ms intervals for VoIP traffic. For this to work efficiently, the same PRBs need to be vacant at each allocation interval. Hence, in a typical implementation, semi-persistent allocation can avoid subframes where SIs are being transmitted. However, the concentrated transmission of SIs once every T (e.g., 320 ms) will restrict the available PRBs considerably, hence limiting the capacity of semi-persistent allocation.
As such, a scheme depicted in Fig.2 is proposed. With this scheme, the operator can choose SFN mod T = 0 or X by a 1-bit indicator for each SI, where X is defined in the specification as X = T/20. If the flag is TRUE the SI is transmitted at SFN mod T = X, whereas if the flag is FALSE at SFN mod T = 0. This will sufficiently distribute different SI transmissions so that more subframes become eligible for semi-persistent allocation, when seen e.g., at a 20 ms interval. If the overhead is a concern, a single 1-bit indicator can apply commonly to all SIs. This will allow flexibility in scheduling the SIs, depending on e.g., the system bandwidth or semi-persistent allocation usage.
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Fig.2  Proposed SI transmission model.

The current specification allows multiple SIs to be configured with the same periodicity T. If multiple SIs have the same periodicity, the scheme in Fig.2 still causes multiple SIs to be transmitted in certain SFNs, restricting semi-persistent resource allocation. To solve this problem, it can be defined in the specifications that half of the SIs having the same periodicity are further offset by +4 SFNs, hence being transmitted at SFN mod T = T/20 + 4. Whether the +4 applies or not can be toggled for each SI occurence having the same periodicity with the 1-bit flag set to TRUE. An example is shown in Fig.3.
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Fig.3  Proposed SI transmission model (when multiple SIs have the same periodicity).

3. Conclusions
The following proposals were made:
Proposal 1:
A 1-bit indicator for each SI (i.e., IE “SFNoffset” in SIB1 SI scheduling information) is used to control the SI transmission SFN between SFN mod T = 0 or SFN mod T = X, where X is defined in the specification as X = T/20. If the indicator is set to TRUE, the SI is transmitted at SFN mod T = T/20, whereas if the flag is FALSE at SFN mod T = 0.
Proposal 2:
If multiple SIs have the same periodicity, SFN mod T = T/20 or SFN mod T = T/20 + 4 is toggled for each SI occurrence having the same periodicity with the 1-bit indicator set to TRUE.
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