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Introduction
[bookmark: _Ref178064866]One objective for the agreed work item [1] is to specify a new SIB to support broadcast of assistance data:

· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· [bookmark: _GoBack]Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and UE-based OTDOA assistance information. 
· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys. 

The following agreement was reached at RAN2#101:
· Proceed with the QC proposal (one SIB per AD element) as a baseline.  Related contributions are invited on complexity analysis and possible grouping of some elements in the same SIB.

At RAN2#101bis, the following was agreed for positioning SIB scheduling:

Support both pseudo segmentation (at E-SMLC) and octet string segmentation.

Support octet string segmentation also at E-SMLC

Have a separate SIB scheduling structure within SIB1 for positioning SIBs.

· Use the existing SIB periodicities.
	
· We have a single positioning SIB type with an OCTET STRING container, whose contents refer to LPP for encoding.
· What is included in the OCTET STRING will be different for different positioning SIB types.
 
In this paper, we discuss details about positioning SIB scheduling to ensure that there are enough resources for positioning. The specification text is based on the generic structure for SI messages discussed in [2].
This revision of the contribution has corrected some minor flaws and typos.
Scheduling of SI messages with generic SIBs
The scheduling of legacy SIBs is based on SI messages. Multiple SIBs can be sent in the same SI message. Moreover, each SI message is configured with a periodicity, and the SI messages are sent in an SI message window, one SI message per SI window. This is illustrated in Figure 1 for SI messages x and y, where the SI message x period is half of the SI message y period.
[image: ]
Figure 1. Legacy SI message example
From 36.331, section 5.2.3:
	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 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;
NOTE:	E-UTRAN should configure an SI-window of 1 ms only if all SIs are scheduled before subframe #5 in radio frames for which SFN mod 2 = 0.



With SIB1 scheduled every 20 ms, and the remaining SIBs scheduled with periodicities of 80 ms and up, there will be many SI windows already scheduled. Given the restriction that only one SI message can be scheduled per SI window, the remaining resources for generic SIBs are quite limited. In one typical example, the SI window length is 10 ms (w), the first SI message (n=1) is sent every 80ms, and the second (n=2) every 160ms. 
· The first SI window of the first SI message starts at subframe #a, where a=0 mod 10 = 0 in the radio frame for which SFN mod 8 = 0, i.e. the first SI message is broadcasted in SI windows of 10ms that starts at SFN = 0, 8, 16, …
· The first SI window of the second SI message starts at subframe #a, where a=10 mod 10=0 in the radio frame for which SFN mod 16 = 1, i.e. the second SI message is broadcasted in SI windows of 10 ms that starts at SFN 1, 17, 33, …  
For example, with a window length of 10ms, only an additional six SI messages can be scheduled since the first messages in the suite all align up in the same time, in contiguous SI windows.
Observation 1	With typical legacy SI message configurations, simply concatenating the SI messages with generic SIBs to the legacy SI messages will be very limited in the number of SI messages with generic SIBs that can be accommodated.
In legacy SI messages, the CMAS system information may be segmented. Since only one SIB type per SI periodicity is supported, the acquisition time can be quite long in case of long periodicities and multiple segments. Generic SIBs can also be subject to segmentation, with several segments per assistance data element type, potentially inflicting a long acquisition time.
Below, we discuss some means to ensure that it is possible to schedule enough SI messages with generic SIBs as well as avoiding long acquisition times.
PS1 - Dedicated SI window length for generic SIB SI messages
By introducing a separate SI window length for the SI messages carrying generic SIBs, it is possible to configure this window short enough, without consideration of any legacy SIB impact. The SI window length can be set to a value as short as 1ms (also considering the limitation in RRC “E-UTRAN should configure an SI-window of 1 ms only if all SIs are scheduled before subframe #5 in radio frames for which SFN mod 2 = 0.”), which gives quite some SI message resources to select from for the SI messages containing positioning SIBs, as illustrated by Figure 2. The short SI window also has the advantage of shortening the acquisition time of multiple segments and also of all positioning SIBs that is of interest for the UE despite some intermediate positioning SIBs not interesting.
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Figure 2. Legacy and new SI messages with two different SI window lengths
The drawback could be that a short SI window may impact eNB scheduler flexibility.
Observation 2	The PS1 feature with a dedicated SI window length for generic SIB SI messages is capable of increasing the capacity of the SI messages, but at the expense of scheduler flexibility.
PS2 – A separate starting position from the legacy SI messages
One main limitation comes from the fact that the starting position in terms of SFN of the SI messages is the same for all periodicities. It has the advantage enabling the UE to retrieve much of the system information in a short period of time in some time windows, but is also cause an unnecessary limitation.
An alternative is to shift the starting position of the SI messages of generic SIBs by an offset of the shortest SI periodicity 80 ms. 
	1>	determine the start of the SI-window for the concerned SI message for generic SIBs as follows:
2>	for legacy SI messages, determine the number m which corresponds to the number of SI messages configured by schedulingInfoList in SystemInformationBlockType1; that are associated to the shortest SI periodicity 8 radio frames (80 ms).
2>	for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages for generic SIBs configured by genSchedulingInfoList in GenericSIBSchedulingBlockType;
2>	determine the integer value x = m*wm + (n – 1)*wn, where wm is the si-WindowLength and wn is the si-genWindowLength;
2>	the SI-window with the concerned SI message of generic SIBs starts at the subframe #a, where a = x mod 10, in the radio frame for which SFN mod T = FLOOR(x/10) + 8, where T is the si-GenPeriodicity of the concerned SI message;
NOTE:	E-UTRAN should configure an SI-window of 1 ms only if all SIs are scheduled before subframe #5 in radio frames for which SFN mod 2 = 0.



In the example, we add two SI messages of generic SIBs SIz1 and SIz2 with si-GenWindowLength 10 ms (can be the same as legacy, or as in PS1 separate from legacy) and with periodicity 1280 ms.
· The first SI window of the first SI message starts at subframe #a, where x=0 and  a=x mod 10 = 0 in the radio frame for which SFN mod 8 = FLOOR(x/10)=0, i.e. the first SI message is broadcasted in SI windows of 10ms that starts at SFN = 0, 8, 16, …
· The first SI window of the second SI message starts at subframe #a, where x=10 and a=x mod 10=0 in the radio frame for which SFN mod 16 = FLOOR(x/10) = 1, i.e. the second SI message is broadcasted in SI windows of 10 ms that starts at SFN 1, 17, 33, …  
· The first SI window of the first SI message with generic SIBs starts at subframe #a, where x=10*1 +0*10=10 and a=x mod 10=0 in the radio frame for which SFN mod 128 = FLOOR(x/10) + 8 = 9, i.e. the second SI message is broadcasted in SI windows of 10 ms that starts at SFN 9, 137, 265, …  
· The first SI window of the second SI message with generic SIBs starts at subframe #a, where x=10*1 +1*10=20 and a=x mod 10=0 in the radio frame for which SFN mod 128 = FLOOR(x/10) + 8 = 10, i.e. the second SI message is broadcasted in SI windows of 10 ms that starts at SFN 10, 138, 266, …
With this structure, only the legacy SI messages with the shortest periodicity occupy resources, and typically, these are only one or even not even one. Thereby, there are more resources available for SI messages with generic SIBs
[image: ]
Figure 3. Legacy SI messages and generic SIBs contained in SI messages with a time offset
Observation 3	The PS2 feature with an SFN offset for generic SIB SI messages is capable of increasing the capacity of the SI messages, without affecting the scheduler flexibility

PS3 – Allow additional SI messages in SI windows 
The main challenge with considering additional SI messages in the SI window is to avoid impact on legacy. However, 36.331 stipulates:
	1>	receive 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:



This means that as long as any additional SI messages in an SI window containing a legacy SI message is scheduled after the legacy SI message, there will be no impact on the legacy behaviour. Hence it is possible to schedule additional SI messages with generic SIBs in an SI window containing a legacy SI message, and also to schedule multiple SI messages with generic SIBs in the same SI window. There is a need to provide, in the scheduling information, the number of SI messages scheduled in each SI window, si-noOfGenSIMessagesPerSiWindow [3] . In PS3, it would be relevant to use the same si-GenWindowLength as legacy so that the windows are aligned, even though it would be possible to allow separate configurations as long as the rule to always schedule the legacy SI message ahead of any other SI messages in the legacy SI window.
Figure 4 illustrates an example with a legacy SI message SIx and a new SI message with generic SIBs SIz1. Note that SIz1 is scheduled after Six in the SI windows where they coincide.
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Figure 4. Additional SI messages with generic SIBs in an SI window
Proposed updated 36.331 text
	1>	determine the start of the SI-window for the concerned SI message for generic SIBs 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 for generic SIBs configured by genSchedulingInfoList in  GenericSIBSchedulingBlockType; and the number c which corresponds to the number of additional SI messages with positioning SIBs can are scheduled in the same SI window 
2>	determine the integer value x = FLOOR(n – 1)/c)*wn, where wn is the si-genWindowLength;
2>	the SI-window with the concerned SI message of generic SIBs 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-GenPeriodicity of the concerned SI message;
NOTE:	E-UTRAN should configure an SI-window of 1 ms only if all SIs are scheduled before subframe #5 in radio frames for which SFN mod 2 = 0.



In the example, we add three SI messages of generic SIBs SIz1 to SIz3 with si-GenWindowLength 10 ms (can be the same as legacy, or as in PS1 separate from legacy), with a number of generic SIBs per SI window si-noOfGenSIMessagesPerSiWindow configured to 2 (c = 2) and with periodicity 1280 ms.

· The first SI window of the first SI message with genericSIBs starts at subframe #a, where x=0 and a=x mod 10=0 in the radio frame for which SFN mod 128 = FLOOR(x/10) = 0, i.e. the second SI message is broadcasted in SI windows of 10 ms that starts at SFN 0, 128, 256, …  
· The first SI window of the second SI message with generic SIBs starts at subframe #a, where x= 0 and a=x mod 10=0 in the radio frame for which SFN mod 128 = FLOOR(x/10) = 0, i.e. the second SI message is broadcasted in SI windows of 10 ms that starts at SFN 0, 128, 256, …
· The first SI window of the third SI message with generic SIBs starts at subframe #a, where x= 10 and a=x mod 10=1 in the radio frame for which SFN mod 128 = FLOOR(x/10) = 1, i.e. the second SI message is broadcasted in SI windows of 10 ms that starts at SFN 1, 129, 257, …
In case there are any legacy SI message, this will always be scheduled first in its SI window. If the SI window for SI messages with generic SIBs are different from the SI window of legacy SI messages, the legacy SI message has to be transmitted first in its SI window. It is also possible to combine with an offset as above in which case the overlap with legacy SI messages will be less, or the SI messages with generic SIBs can be schedule in SI windows directly after the SI windows of legacy SI messages.
 Observation 4	The PS3 feature with additional SI messages with generic SIBs in SI windows is possible as long as any legacy SI message of the legacy SI window is scheduled first.
PS4 – Allow multiple segments of the same assistance data to be broadcasted in the same SI period
With the new genSchedulingInfoList, it is possible to specify a scheduling where the list contains multiple segments of the same assistance data, each scheduled in different SI messages sent in different (or the same) SI window in the same SI periodicity.
This significantly reduces the acquisition time of all the assistance data.
Observation 5	The PS4 feature allows multiple segments of the same assistance data to be broadcasted in the same SI period, which significantly reduces the acquisition time of the assistance data.
Summary
As seen in the observations in the previous subsections, there are several means to ensure that there is sufficient capacity and flexibility for scheduling of the SI messages with generic SIBs. For full flexibility, we propose to support all four means:
Proposal 1		Support means PS1, PS2, PS3 and PS4 for flexible scheduling, adequate resource limitation and short acquisition time. 
Specification changes 
The proposed changes are captured in the CRs in [2] and [3] with markers to indicate PS1, PS2, PS3 and PS4, and hence the proposals:
Proposal 2 	Agree to 36.331 CR [2]
Proposal 3	Agree to 36.355 CR [3]


Conclusion
In this contribution, we make the following observations:
Observation 1	With typical legacy SI message configurations, simply concatenating the SI messages with generic SIBs to the legacy SI messages will be very limited in the number of SI messages with generic SIBs that can be accommodated.
Observation 2	The PS1 feature with a dedicated SI window length for generic SIB SI messages is capable of increasing the capacity of the SI messages, but at the expense of scheduler flexibility.
Observation 3	The PS2 feature with an SFN offset for generic SIB SI messages is capable of increasing the capacity of the SI messages, without affecting the scheduler flexibility
Observation 4	The PS3 feature with additional SI messages with generic SIBs in SI windows is possible as long as any legacy SI message of the legacy SI window is scheduled first.
Observation 5	The PS4 feature allows multiple segments of the same assistance data to be broadcasted in the same SI period, which significantly reduces the acquisition time of the assistance data.
Based on these observations and the discussion in section 2 we propose the following: 
Proposal 1		Support means PS1, PS2, PS3 and PS4 for flexible scheduling, adequate resource limitation and short acquisition time. 
Proposal 2 	Agree to 36.331 CR [2]
Proposal 3	Agree to 36.355 CR [3]
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