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1 Introduction

In the RAN2#101bis meeting, the following agreements are achieved [1].

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

· Use the existing SIB periodicities.

· We will try to have a means to indicate when the positioning SIBs have changed.  Further contributions are needed on the details.  If no solution, we fall back to the baseline that the UE reads the SIBs when it needs them.

As we all know, some of the RTK AD needs to be refreshed every second and some of the RTK AD can be unchanged for minutes, hours or even days. How to indicate the change of the SIBs especially the fast-changing SIBs is an issue to solve.

To settle the issue, two questions need to consider:

Question 1: Whether to reuse the existing modification period or not

Question 2: How to indicate the change of position SIB

In this contribution, we would discuss these questions one by one.
2 Discussion
2.1 Question 1: Whether to reuse the existing modification period
In legacy LTE, when the network changes (some of the) system information, it first notifies the UEs about this change throughout a modification period. In the next modification period, the network transmits the updated system information. 

The modification period could be {640ms, 1280ms, 2560ms, 5120ms, 10240ms, …, 655350ms} and the updating period of positioning SIBs could be {1s, 5s, 15s, …}. In terms of the length of time, there are two relations between the modification period and the updating period of positioning SIB. For different relations we have different observations.

Case 1: the updated period of positioning SIB is smaller than modification period
Assuming the positioning SIB updates every 1 second and the modification period is 1280ms. The problem arising in this case is that the updated SIB marked by pink triangle could not be broadcast due to the limited broadcast radio resources (corresponding SI windows). It can be inferred that the larger modification period compared to the updated period, the more updated SIBs could not be broadcast. From UE point of view, the loss of updated SIBs would heavily impact the positioning accuracy. 
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Figure 1  Case 1: the updated period of positioning SIB is smaller than modification period 

Observation 1. If the updated period is smaller than modification period, there will be updated SIB(s) could not be broadcast due to the limited broadcast radio resources.
Observation 2. The loss of updated SIBs would heavily impact the positioning accuracy.

Case 2: the updated period of positioning SIB is larger than modification period
Assuming the positioning SIB updates every 2 seconds and the modification period is 1280ms. As shown in Figure 2, sometimes the network broadcast the updated positioning SIB four times and sometimes broadcast only twice. The broadcast times for each updated SIB are not constant and unpredicted to the UEs. 

The problem in this case is that the assumption that updated period is larger than modification period would limit the selection of modification period. For example, if the smallest update period of the positioning SIB is 1s, then the modification period could only be 640ms which is not beneficial for UE power consumption. Because the positioning unsupported UEs would have to wake up every 640ms to find if there is a change of system information. In most cases, the UEs would find what they required are not changed at all.
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Figure 2  Case 2: the updated period of positioning SIB is larger than modification period 

Observation 3. The assumption that updated period is larger than modification period would limit the selection of modification period.
As analyzed above, if the updated period is smaller than modification period, the positioning accuracy may be impacted. While if the updated period is larger than modification period, it would be against the selection of modification period and UE power consumption. Since different positioning SIBs have different updating periods, it is a dilemma to select an appropriate modification period for all positioning SIBs while guaranteeing the position accuracy and UE power consumption. 

In addition, modification period is introduced for the SIBs which updating periods are unpredictable to the UEs, e.g. cell reselection SIBs. The change of these SIBs are decided by the network and can happen at any time. Different from these SIBs, the positioning SIBs have predictable/fixed updating periods. The change of positioning SIBs happen periodically and autonomously and are not controlled by the eNB. So it is unreasonable to enforce the positioning SIBs to follow the concept of modification period. Actually each positioning SIB has its own “modification period”. Thus our proposal is not to reuse the existing modification period for positioning SIBs, instead introduce some modification periods per positioning SI message.

Observation 4. Different from other SIBs, each positioning SIB has its own “modification period”. 
Proposal 1. Introduce a modification period for each positioning SI message.
2.2 Question 2: How to indicate the change of position SIB

In our understanding, there are four options we can consider: 

Option 1: ValueTag in SIB1
However as pointed in [2], for the fast-changing SIBs, it will not be meaningful to use validity tags because the validity tag could only change 32 times in 3 hours. Thus, the validity tag is not applicable for the fast-changing SIBs.

Option 2: systemInfoModification in paging message

As can be deduced, using paging would not be efficient for the fast-changing SIBs as it will increase the paging load and would require high paging capacity in the Network.

Option 3: UE continuously monitors those SIBs in the corresponding SI window

As agreed in the last RAN2 meeting, the existing SIB periodicities are used. Therefore SIB periodicity of 80ms would be one of the options. If the positioning SIB updates every 1s and SIB periodicity is 80ms, the UE would have to read the SIB with the same content 12.5 times which is destined for power consuming. 

Option 4: UE attempts to find the updated positioning SIB at least once every X seconds where X is the update/modification period of the positioning SIB

This UE behavior is similar to the existing one that UE verifies the validity of stored SIB by attempting to find the systemInfoModification indication at least modificationPeriodCoeff times during the modification period in case no paging is received, in every modification period. This option is beneficial for UE power saving and will not increase paging load and do not require additional indication from network. 
The specification impact is about the scheduling of the positioning SIBs. The possible changes could be:
Pos-SchedulingInfo-r15 ::=
SEQUENCE {


pos-si-Periodicity-r15



ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},

pos-sib-MappingInfo-r15



Pos-SIB-MappingInfo-r15


pos-si-ModificationPeriod-r15  

ENUMERATED {s1, s2, s5, s10, s15, s60, s3600}

pos-si-ModificationPeriod-offset   
INTEGER (0..10240)
}

The pos-si-ModificationPeriod-r15 indicates the update/modification period of the positioning SI messages. The values of the new IE could be revisited. 
The pos-si-ModificationPeriod-offset indicates the timing offset of update timing relative to SFN 0 of the cell. With pos-si-ModificationPeriod-offset the UEs would know the start time of the next update period. This value is expressed in milliseconds. If this positioning SI message would not change during the current 10240ms, the IE could be absent. Then the UEs would know the SI message would be unchanged in this 10240ms.
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Figure 3  illustration of option 4 (when pos-si-ModificationPeriod is larger than modification period)
Proposal 2. Indicating the change of positioning SIBs by introducing the new IEs pos-si-ModificationPeriod and pos-si-ModificationPeriod-offset in SIB1.
3 Conclusion

In this contribution, the modification of positioning SIBs is discussed, and some proposals are listed as following. 
Observation 1. If the updated period is smaller than modification period, there will be updated SIB(s) could not be broadcast due to the limited radio resources.
Observation 2. The loss of updated SIBs would heavily impact the positioning accuracy.

Observation 3. The assumption that updated period is larger than modification period would limit the selection of modification period.
Observation 4. Different from other SIBs, each positioning SIB has its own “modification period”. 
Proposal 1. Introduce a modification period for each positioning SI message.
Proposal 2. Indicating the change of positioning SIBs by introducing the new IEs pos-si-ModificationPeriod and pos-si-ModificationPeriod-offset in SIB1.
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