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Discussion and decision
1 Introduction
In RAN2#61bis meeting basic scheduling scheme for system information is settled. But one issue is still open, that is how to deal with the case that all SIs cannot be transmitted between two transmissions of SI with shortest periodicity. This document tries to address this issue and propose our solution to it.
2 Observation
Here is the basic scheduling scheme for SIs summarized from [1]:

· Assuming window size is w, SI’s periodicity is T , entrance index is n, and SFN%T=0, then the offset to the SFN is (n-1)*w in subframe level
Thus it means SIs whose SFN%T=0 shall be fitted within 2 transmission of SI with shortest periodicity e.g.SI-2. There seems no problem if window size is not bigger than 10ms, because more than 16 SIs sounds sufficient even considering SIs for ETWS assuming shortest periodicity is 160ms. But if window size is 15ms or 20ms then periodicity of 160ms is not sufficient to contain all SIs if more SIs will be introduced. For example, assuming maximum window size is 20ms, the maximum number of fitted SI is 8. Currently 7 SIBs are defined. If one SIB is mapped to one SI then only one more 20ms, i.e. one more SI is left for the future use in the worst case. Overlapping between SIs will happen if new SIs e.g. bearing secondary notification of ETWS is introduced.
The figure 1 depicts current basic scheduling scheme and possible collision scenario assuming 3 more SIs are scheduled:
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Figure 1 (assuming window size = 20ms)
The key controlling parameters here are window size and shortest periodicity. Considering TDD mode and FDD cells of lower bandwidth it is not wise to decrease the maximum window size down to 10ms.  For some TDD UL/DL configuration e.g. 2DL/8UL or 3DL/8UL as matter of fact even 20ms is not big enough. During last RRC adhoc meeting in Sophia the highest window size is changed from 20ms to 40ms, which makes the situation even worse.
One way is to always fit all the SIs between 2 transmission of SIs with shortest periodicity. Assuming the number of SI is N and window size is w, then the shortest periodicity is no more less than N*w ms. Here are the shortest periodicity assuming 7SIs,10SIs and 15 SIs are scheduled respectively.
	Window size (ms)
	Shortest periodicity (ms) for  7 SIs
	Shortest periodicity (ms) for 10 SIs (note1)
	Shortest periodicity (ms) for 15 SIs (note2)

	1
	80
	80
	80

	2
	80
	80
	80

	5
	80
	80
	80

	10
	80
	160
	160

	15
	160
	160
	320

	20
	160
	320
	320

	40
	320
	640
	640


Table 1
Note1: assuming 3 SIs except for ETWS SIs are added in the future

Note2: assuming8 SIs for ETWS SIs are added in the future
The main concern about increasing periodicity of SI-2 is more delay will be introduced for UE to acquire SI-2 and/or SI-3. And SI-2 is a sort of essential system information. We believe more normal SI e.g. for LCS maybe introduced in the future. If more temporary SIs also need be broadcasted in parallel, e.g. SI for ETWS, we need think about it carefully.
3 Proposal
Another way is to define one implicit scheduling principle, i.e. SIs with longer periodicity are postponed one window size if it conflict with a SI with short periodicity e.g. SI-2. The scheduling of SIs can be divided into 2 steps:
step1: The basic scheduling scheme is adopted

step2: If overlap happens then collided SI as well as those following SIs will be postponed one more window size until no overlap exists any more.
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Figure 2(assuming window size = 20ms)
In figure 1, 2nd additional SI collides with 2nd transmission of SI-2, all additional SIs except 1st one are postponed one more window size.
In order to reduce complexity it is proposed skip operation shall happen only once. More skips, if any, will be avoided by prolonging the shortest periodicity. In Figure3, for example, there are 10 additional SIBs which are mapped to additional 10 SIs. Assuming periodicity of SI-2 is still 160ms, there will be two skip operations: 1st skip happens at 2nd transmission of SI-2 and 2nd skip happens at 3rd transmission of SI-2 and 2nd transmission of SI-3. So in order to limit skip operations to only one time, it is suggested that in this case the periodicity of SI-2 is changed from 160ms to 320ms, as illustrated in Fig. 3. In this case, only one skip happens at the both 2nd transmission of SI-2 and SI-3.
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Figure 3(assuming window size = 20ms)
Here are the shortest periodicity assuming 7SIs ,10SIs and 15SIs are scheduled respectively when proposed implicit rule is adopted. Assume periodicity of 160ms for SI-2 is used.
	Window size (ms)
	Shortest periodicity (ms) for  7 SIs
	Shortest periodicity (ms) for 10 SIs 
	Shortest periodicity (ms) for 15 SIs 

	1
	80
	80
	80

	2
	80
	80
	80

	5
	80
	80
	80

	10
	80
	160
	160

	15
	160
	160
	160

	20
	160
	160
	160

	40
	160
	320
	640


Table 2
4 Conclusion
In order to avoid overlapping between transmission window of SIs an implicit principle is introduced for UE to deduce offset of SI. And it is proposed to divide scheduling of SIs into 2 steps:
step1: The basic scheduling scheme is adopted for all SIs
step2: If overlap happens then collided SI as well as those following SIs will be postponed one more window size until no overlap exists any more.
Furthermore it is proposed no more than one skip should happen. And the skip is limited to no more than one time by prolonging the shortest periodicity if necessary. 
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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 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 radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;
1> if collision between SI-Windows occurs then

2> collided SI with bigger entry index as well as following SIs, if any , is postponed one more window size 
Editor's note:
It is FFS whether SFN mod T = FLOOR(x/10) + 8 should be used instead.
Note: no more than one skip is allowed to avoid collision between SI-Windows
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.
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