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1 Introduction
In the last RAN2 AH meeting, there are agreements on the SI scheduling as following:
· System Information message is repeated once in {every 2nd, every 4th, every 8th, every 16th} radio frame within an SI window.
· SI message transmission starts in the first valid subframe of the radio frame and an optional offset is defined in terms of a number of radio frames (1-15)
· On TB size for SI messages, RAN2 stick with the currently agreed values now and check with RAN1 (additional TBSs were proposed by E/// and will be discussed by email)
· The value range of si-Periodicity for NB-IoT is ENUMERATED {rf64, r128, rf256, rf512, rf1024, rf2048, rf4096}
· Up to 8 SI-messages can be configured 
This contribution provides some further analysis of the impact of these two agreements and proposals on SI scheduling.
2 Discussion
The subframes used for SI repetition

In the last Ad Hoc meeting, it was agreed that “system information message is repeated once in {every 2nd, every 4th, every 8th, every 16th} radio frame within an SI window.}”. However, according to the description in section 5.2.3a of the running 36.331 CR as copied below, SI transmission only occurs in the radio frames as provided in si-RepetitionPattern and in sub frames as provided in downlinkBitmap.
	5.2.3a
Acquisition of an SI message by BL UE or UE in CE or a NB-IoT UE
1>
if the UE is a NB-IoT UE:

2>
receive and accumulate SI message transmissions on DL-SCH 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 only in radio frames as provided in si-RepetitionPattern and in subframes as provided in downlinkBitmap, or until successful decoding of the accumulated SI message transmissions excluding the subframes used for transmission of NPSS, NSSS, MasterInformationBlock-NB and SystemInformationBlockType1-NB.


Where si-RepetitionPattern is defined in SystemInformationBlockType1-NB as:

	si-RepetitionPattern
Indicates the radio frames within the SI window used for SI message transmission. Value every2ndRF corresponds to every second radio frame, value every4thRF corresponds to every fourth radio frame and so on starting from the first radio frame of the SI window used for SI transmission


Because of the fixed scheduling of NPBCH/NPSS/NSSS/SIB1-NB, and possible invalid sub frames configuration, it’s highly probably that, for SI messages that need 8 sub frames for one repetition, there are not enough sub frames for one SI repetition in a single radio frame.
Following figure 1 shows the valid subframes in radio frames with the assumption that there are no other invalid sub frames.
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Figure 1 Valid subframes for SI repetition
Observation 1: There are chances that there are no enough valid subframes in a single radio frame for one SI repetition.
In this case, in principle there are 2 options to implement SI repetition. One is to continue the SI repetition in the next radio frame as provided in si-RepetitionPattern. The other is to continue in the radio frame next to the radio frame in which SI repetition is started.
Figure 2 shows an example of option1 and option 2, with si-RepetitionPattern set to every 2nd. Each color presents one SI repetition.
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Figure 2: example of SI repetition option 1 and option 2
In our understanding, the intention of previous agreements is to specify option 2. However this is not currently covered by the current description and should be clarified in the running CR.

Proposal 1: SI repetition starts from the radio frame as provided in si-RepetitionPattern. If there are not enough subframes for one SI repetition in the radio frames as provided in si-RepetitionPattern, the SI repetition is continued in the radio frames following the radio frame in which SI repetition is started.
A text proposal to cover this in the running 36.331 CR is suggested in the Annex.
The offset of start of SI repetition

Regarding the agreement “SI message transmission starts in the first valid subframe of the radio frame and an optional offset is defined in terms of a number of radio frames (1-15)”, this is currently covered by the definition of a radio frame offset within the SI window.

	si-RadioFrameOffset

Offset in number of radio frames to calculate the first radio frame for SI message transmission in the SI window.

If the field is absent, no offset is applied.


However this would lead to the problem shown in the following figure 3.
[image: image3.emf]SI-window

4 RF

Offset

Out of SI-Window or 

Truncated


Figure 3: SI repetition out of SI-Window

From figure 3, we can see that if one SI message transmission starts with a number of radio frames offset, its last few repetitions will be out of its SI window or be truncated. If the last few repetitions are truncated, this would be unfair for the cells which configure an offset leading to fewer SI repetition compared to the cells without offset or with smaller offset. 
This problem is extremely severe for small SI-Window lengths, e.g. SI-Window lengths of 160ms, 320ms, and 480ms. For these small SI-Windows, if the offset is set to 8 radio frames and si-RepetitionPattern to every2nd, there will be 4 SI repetitions truncated. Comparing with the total SI repetition number if there is no offset, of 8, 16, and 24 (for SI-Window lengths of 160ms, 320ms and 480ms respectively), the number of truncated repetitions is not negligible.
And if the SI repetitions are extended out of the SI-Window, the definition of SI-Window would need to be modified since, according to current SI-Window definition, a UE will only receive SI message within the SI-window. 
To keep the benefit of the SI transmission offset, and at the same time keep the same repetition number among different cells without changing the definition of SI-Window, one solution is to define the offset of SI message transmission as the offset of the SI-Window (rather than an offset within the SI-Window), as shown in figure 4.
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Figure 4: SI-Window offset (assuming SI_Win= 16rf, SI_1_Periodicity= 64rf, SI_2_Periodicity=128rf)
Proposal 2: To define the SI message transmission offset in the form of a SI-Window offset.
Annex A also suggests how to update the current description in section 5.2.3a of Running 36.331CR, according to proposal 2.
3 Conclusion

Proposal 1: SI repetition starts from the radio frame as provided in si-RepetitionPattern. If there are not enough subframes for one SI repetition in the radio frames as provided in si-RepetitionPattern, the SI repetition is continued in the radio frames following the radio frame in which SI repetition is started.
Proposal 2: To define the SI message transmission offset in the form of a SI-Window offset.
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5 Annex A

5.2.3a
Acquisition of an SI message by BL UE or UE in CE or a NB-IoT UE
Editors’note: updates required to introduce Editors’note si-RadioFrameOffset in NB-IoT
When acquiring an SI message, the BL UE or UE in CE or NB-IoT 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 schedulingInfoList  in SystemInformationBlockType-BR (or SystemInformationBlockType1-NB in NB-IoT);
2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength-BR (or si-WindowLength in NB-IoT);

2>
the SI-window starts at the subframe #0 in the radio frame for which SFN mod T = FLOOR(x/10) + Offset, where T is the si-Periodicity of the concerned SI message and, only for NB-IoT, Offset is the offset of the start of the SI-Window (si-RadioFrameOffset);
1>
if the UE is a NB-IoT UE:

2>
receive and accumulate SI message transmissions on DL-SCH 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, starting from the radio frames as provided in si-RepetitionPattern and in subframes as provided in downlinkBitmap, or until successful decoding of the accumulated SI message transmissions excluding the subframes used for transmission of  NPSS, NSSS, MasterInformationBlock-NB and SystemInformationBlockType1-NB. If there are not enough subframes for one SI message transmission in the radio frames as provided in si-RepetitionPattern, the UE shall continue to receive the SI message transmission in the radio frames following the radio frame indicated in si-RepetitionPattern;
1>
else:
2>
receive and accumulate SI message transmissions on DL-SCH on narrowband provided by si-Narrowband, 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-BR, only in radio frames as provided in si-repetitionpattern and subframes as provided in fdd-DownlinkOrTddSubframeBitmapLC  in bandwidthReducedAccessRelatedInfo, or until successful  decoding of the accumulated SI message transmissions;
1>
if the SI message was not possible to decode from the accumulated SI message transmissions  by the end of the SI-window, repeat reception and accumulation of SI message transmissions on DL-SCH in the next SI-window occasion for the concerned SI message;
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Option1：continue in the next RF as provided in si-RepetitionPattern
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Option2：continue in the RF next to the radio frame in which repetition is started



