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1
Introduction
The outcome of RAN2#62 was to merge the proposed SI offsetting and SI-window concepts. The original idea with offsetting was to distribute the System Information more evenly on the DL-SCH. Correspondingly the idea behind transmission windows was to have some flexibility for the eNB scheduler and allow space for possible SI soft repeats. The use of SI-window for offsetting does not solve the case when all SIs do not fit to the range of the shortest periodicity. 

2
SI-Offset and SI-window
The SI-window mechanism was established to gain some flexibility for the scheduler so that semi-permanent allocations and SI soft repeats can be implemented. With the decision not to allow parallel transmission of SI messages, the SI broadcast must be implemented by serial SI-windows. The adopted formulas in 36.331 section 5.2.3 specify in equation form the implied SI-windows on radio frame level (subframe level if SI-window <10) with no gaps between the SI messages. 

The SI-window has an absolute length which includes also the gaps due to soft repeats, scheduler flexibility, paging, TDD or unicast MBMS. This brings in some inefficiency as SI window need to be oversized in such scenarios where all subframes are not periodically not used for DL transmission. Other choice for SI-window length would be to define it by subframe count. In this case the radio frame/subframe level formulas in 5.2.3 cannot be used. Instead, the eNB scheduler would implement the exact subframe level SI windows placement just following the rules of 5.2.3 for SI-window(i.e. windows are consecutive).

Presently adopted formulas in 5.2.3 copied here for convenience:


for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInformation in SystemInformationBlockType1;

2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength;

2>
the SI-window starts at the subframe #a, where a = x mod 10, in the next radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;
2.1 SI transmission time sync to SFN

The SI transmission is roughly synchronized to SFN for each SI message by formula SFN mod T = 0. See Figure 1a. The problem with this formula is that all SI messages need to be transmitted at the SI transmission occasions corresponding to the longest SI message periodicity. Thus there is problem of congestion and uneven distribution of SI broadcast - This may be especially problematic in case of the narrow BW’s. 
2.2 SI-window vs. separate offset parameter

The usage of SI-window to SI offsetting is adopted so that the transmission of a given SI messages is synchronized to the SFN satisfying the equation SFN mod T = ((n – 1)*floor(w/10)) where n is the index of the SI message.  This formula is an implicit reformulation of what results when absolute length SI-window and serial transmission of SI’s is implemented with no gaps between SI windows. Note also that in the radio frame level formula (n – 1)*floor(w/10) may not exceed the T of the shortest SI periodicity as then two SIs would need to be sent parallelly (in the same SI window).  So the SI with shortest periodicity would limit size of possible SI windows to be used e.g. 8 SIs and shortest periodicity of 80ms -> Longest usable window is 10ms

Proposal 1: Discuss whether is is just NW misconfiguration if (n-1)*floor(w/10) > T OR should we try to solve this in RAN2
2.3 Need for real offsetting

The agreed equations in 36.331 do not accomplish any real offset generation to distribute the SI transmission more evenly. The following figure 1 shows what happens when the shortest SI repetition period is not enough to transmit all needed SI windows. The window for SI-9 does not fit and cannot be sent.
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Figure 1 Failure case for SI window transmission.

The drastic problem when there are not enough SI-windows to send all SI’s is presented in the section 2. In addition to this the presently approved method in 3GPP RAN2 has a problem of not distributing the SI evenly to the DL-SCH.

Alternative 1: for this overflow situation is to allow breaking the rule of SI message location function so that the overlap is just added after the SI-windows at the next available unused SI-slot in the period P2. This solves the overflow , but does not improve the uneven SI distribution problem.

Alternative 2: is to compute the amount of SI-windows to be sent during the longest SI repetition period in use. Then an average is counted for the available transmission periods based on the shortest SI repetition period in use. The result gives the maximum amount of SI windows that are sent during any SI transmission period P.

One option for the procedure of Solution2 is to transmit the delayed SI-windows is to always give highest priority in scheduler for the delayed SI’s.In that case the SI-6..SI-9 would be sent during the next period followed by SI-2 which  would be delayed and sent in the next period.
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Figure 3. Quick solution to SI-window overflow problem.
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Figure 4. Averaged SI-window distribution.

So Alternative 2 could be realized easily e.g. by following method:

1. Compute the count of SI-windows to be transmitted over the longest SI –period.(In the example case this is 37 = 8+8+4+4+4+4+2+1+2.

2. Compute the count of shortest period within the longest period. In example case this is 1280/160 = 8

3. Compute the average amount of SI-windows to be transmitted during the shortest SI period. In example case this is SI_w_ave =ceiling(37/8) = 5

4. Transmit at maximum the computed average amount SI_W_ave in each transmission period.

In the example the first 5 Sis are sent serially in first 160 ms transmission period using 5 consecutive SI-windows. 4 remaining SI-windows are delayed for the next 160ms SI transmission period so but the SI-windows originally in this SI window, which fit to the SI-window average count in that transmission period are transmitted first. However SI-9 does not fit , so it’s delayed yet to the next transmission period.

3
Conclusion
This contribution has shown that the adopted SI offsetting mechanism is restricted to the shortest SI repetition period and thus does not solve the problem presented earlier in the SI transmission distribution. In RAN2 #61bis, RAN2 agreed that some offsetting mechanism is necessary, but the result in RAN2#62 was that in practise there is no offsetting applied.
If it is agreed that a real offsetting mechanism is needed to improve the SI transmission distribution to the DL-SCH it is suggested to add changes in the text proposal to the latest CR for 36.331..
Beginning of Text Proposal
5.2
System information

5.2.3
Acquisition of an SI message

When acquiring an SI message, the UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInformation in SystemInformationBlockType1;

2> determine p_min = the shortest si-Periodicity and p_max = longest si-Periodicity
2> determine the total count of SI windows over the longest si-Periodicity:  c= p_max/SI-1 period + p_max/SI-2 period +…+ p_max/SI-n period
2> determine the average count of SI-windows over the longest SI periodicity a = ceiling( c/p_min)
2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength;

2>
the SI-window starts nominally at the subframe #b, where b = x mod 10, in the next radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;
2> compute a table of nominal reception points for each SI-window over the longest SI periodicity period
2> reposition the SI-window reception points to next vacant p_min period based on following rules

3> repositioning needed when SI-window count during p_min period exceeds the value a

3> Nominal positions within each  p_min period have highest priority

3> When repositioning multiple SI-windows, the SI-window with longer delay from nominal position has higher priority

1>
start reception of DL-SCH using the SI-RNTI from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received, excluding the following subframes:
2>
subframe #5 in radio frames for which SFN mod 2 = 0;
2>
any MBSFN subframes;

2>
any uplink subframes in TDD;

1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message.

End of Text Proposal
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