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1. Introduction
To avoid unnecessary SI change notification, it was agreed in the RAN2#1807 meeting that change of si-BroadcastStatus should not result in system information change notifications in paging message or Direct Indication Information. [1] 
We identify two issues related to the agreement. The first one is the impact to SI reception procedure caused by the agreement. The second one is the change of si-BroadcastStatus may lead to si-RequestResources modification which will trigger SI change notification. In other words, the change of si-BroadcastStatus will indirectly trigger SI change notification even with the above agreement.

In this paper, we will analyze these issues and provide solutions with corresponding TP.
2. Discussion
2.1 Impact to SI reception procedure
According to current TS38.331, the procedure of other acquisition is following:

	5.2.2.3.2
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:

…omit…
1> if SI message acquisition is not triggered due to UE request:

2>
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;

2>
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;
1> else if SI message acquisition is triggered due to UE request:

2> [FFS 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];

2>
[FFS 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];

…omit…


The above description implies a UE assumes the concerned SI message will always be broadcasted in the next SI-window. But we think it is not correct, which is illustrated in the following figure.
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Figure 1 si-BroadcastStatus changed across modification boundary
In the above figure, the concerned SI message is broadcasting in modification period1 but not broadcasting in modification period2. One UE began to acquire the concerned SI message in modification period1 and failed. According to the current specification, the UE repeats SI reception in modification period2 in which the SI message is not broadcasting. Obviously, it is not our originally intention. Therefore, we propose:
Proposal 1: UE should re-acquire the SIB1 to check the si-BroadcastStatus when across the SI modification boundary, and only repeats reception at the next SI-window occasion for the concerned SI message if the concerned SI message is still broadcasting.

2.2 si-RequestResources modification 

In the RAN2#101 meeting, the following agreement has been reached.
Agreements

1
One indicator in SIB1 indicates whether an SI message is currently broadcast or not. The indication is valid until the end of the modification period. UE cannot infer whether this is a temporary broadcast of an on demand SI or a periodic broadcast SI.

And the agreement has been captured in SIB1 as following:

SchedulingInfo ::=




SEQUENCE {


si-BroadcastStatus




ENUMERATED {broadcasting, notBroadcasting},

si-Periodicity





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


sib-MappingInfo





SIB-Mapping

}

Observation1: One UE cannot infer whether one SI message is a temporary broadcast of an on demand SI or a periodic broadcast SI. 
It is known that the status of one SI message provided via on demand can change between broadcasting and notBroadcasting dynamically in different modification period. The network may start to broadcast one on demand SI message when it is required by one UE and stop broadcasting it if no more request is received after a while. The change of si-BroadcastStatus is expected to be frequent.

Observation2: For one SI message provided via on demand in one cell, its si-BroadcastStatus (i.e. broadcasting or not broadcasting) may change frequently.
For MSG1 based SI request mechanism, we have agreed the following TP[2].  
SI-Request-Config ::=



SEQUENCE  {

rach-OccasionsSI





SEQUENCE {



rach-ConfigSI





RACH-ConfigGeneric,



ssb-perRACH-Occasion




ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}


}





















OPTIONAL,

si-RequestPeriod

ENUMERATED {one, two, four, six, eight, ten, twelve, sixteen}
OPTIONAL,

si-RequestResources 
SEQUENCE (SIZE (1..maxSI-Message)) OF SI-RequestResources

}

	SI-Request-Config field descriptions

	si-RequestResources
If there is only one entry in the list, the configuration is used for all SI messages which are provided on demand. Otherwise the 1st entry in the list corresponds to the first on demand SI message in schedulingInfoList, 2nd entry in the list corresponds to the second on demand SI message in schedulingInfoList and so on.


According to observation1, there is no indication indicates whether one SI message is on demand SI or periodic broadcast SI in schedulingInfoList. In the above description highlighted in yellow, we assume one SI message can be regarded as on demand SI message if its si-BroadcastStatus is set to notBroadcasting. With this assumption, the description highlighted in yellow implies that the number of entries in si-RequestResources is equal to the number of SI messages with si-BroadcastStatus set to notBroadcasting.

Observation3: The Xth entry in si-RequestResources indicates the RACH resources allocated to the Xth SI messages with si-BroadcastStatus set to notBroadcasting in schedulingInfoList.

Based on the observation2 and observation3:

When the status of one SI message is changed from not broadcasting to broadcasting, the entry corresponding to the SI message needs to be removed from the si-RequestResources. On the contrary, one new entry needs to be inserted into the si-RequestResources when the status of one SI message is changed from broadcasting to not broadcasting.
Therefore, the following observation can be deferred:

Observation4: The si-RequestResources may change frequently, as a result of frequent si-BroadcastStatus modification.

According to current TS38.331, the procedure of request for on demand system information is descripted in section 5.2.2.3.3, which can only be triggered by 5.2.2.4.2.
	5.2.2.4.2
Actions upon reception of the SIB1
Upon receiving the SIB1 the UE shall:
1>
store the acquired SIB1;

1>
if the cellAccessRelatedInfo contains an entry with the PLMN-Identity of the selected PLMN:

2>
in the remainder of the procedures use plmn-IdentityList, trackingAreaCode, and cellIdentity for the cell as received in the corresponding cellAccessRelatedInfo containing the selected PLMN;

1>
forward the cellIdentity to upper layers;

1>
forward the trackingAreaCode to upper layers;

1>
forward the ims-EmergencySupport to upper layers, if present;

1>
forward the eCallOverIMS-Support to upper layers, if present;

1>
apply the configuration included in the servingCellConfigCommonSIB;
1>
if the UE has a stored valid version of a SIB that the UE requires to operate within the cell in accordance with sub-clause 5.2.2.2.1:

2>
use the stored version of the required SIB;

1>
if the UE has not stored the valid version of one or several required SIB(s), in accordance with sub-clause 5.2.2.2.1: 

2>
for the SI message(s) that, according to the si-SchedulingInfo, contain at least one required SIB and for which si-BroadcastStatus is set to broadcasting:
3> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2;

2>
for the SI message(s) that, according to the the si-SchedulingInfo, contain at least one required SIB and for which si-BroadcastStatus is set to notBroadcasting:
3>
trigger a request to acquire the SI message(s) as defined in sub-clause 5.2.2.3.3.

Editor’s Note: To be further updated when content of the SIB1 has been completed. 


It means if one UE needs one SI message other than SIB1, it should firstly read the SIB1 to check whether the interested SI message is broadcasting or not. If the concerned SI message is not broadcasting, it sends SI request according to the si-RequestResources in SIB1. In other words, one UE will always check the latest si-RequestResources before sending SI request. Therefore, it will not cause errors in on demand SI acquisition procedure if UEs are not notified when the si-RequestResources is modified. 

Observation5: No problem is identified in current on demand SI acquisition procedure even if UEs are not notified when the si-RequestResources is modified, since UEs always check the latest si-RequestResources before sending SI request.

Take the above observations into account, we suggest that the change of si-RequestResources should not trigger SI change notification. In the last RAN2 meeting, it has been clarified that system information change notifications is only be carried in direct Indication Information. [3] Therefore, we propose:

Proposal2: The change of si-RequestResources should not result in system information change notifications in Direct Indication Information.
Based on the above proposals, a corresponding TP is included in Annex.
3. Conclusion
In this paper, we analyze two issues related to the change of si-BroadcastStatus, and obtain the following observations and proposals:

Proposal1: UE should reacquire the SIB1 to check the si-BroadcastStatus when across the SI modification boundary, and only repeats reception at the next SI-window occasion for the concerned SI message if the concerned SI message is still broadcasting.

Observation1: One UE cannot infer whether one SI message is a temporary broadcast of an on demand SI or a periodic broadcast SI. 

Observation2: For one SI message provided via on demand in one cell, its si-BroadcastStatus (i.e. broadcasting or not broadcasting) may change frequently.

Observation3: The Xth entry in si-RequestResources indicates the RACH resources allocated to the Xth SI messages with si-BroadcastStatus set to notBroadcasting in schedulingInfoList.

Observation4: The si-RequestResources may change frequently, as a result of frequent si-BroadcastStatus modification.

Observation5: No problem is identified in current on demand SI acquisition procedure even if UEs are not notified when the si-RequestResources is modified, since UEs always check the latest si-RequestResources before sending SI request.

Proposal2: The change of si-RequestResources should not result in system information change notifications in Direct Indication Information.
Based on the above proposals, a corresponding TP is included in Annex.
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5. Annex

The following changes to TS38.331 are proposed:
--------------------------------------------------------------Start of the first modification---------------------------------------------
5.2.2.3.2
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 schedulingInfoList in si-SchedulingInfo in SIB1;

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 SI message acquisition is not triggered due to UE request:

2>
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;

2>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion (if any) in current SI modification period for the concerned SI message;

1> else if SI message acquisition is triggered due to UE request:

2> [FFS 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];

2>
[FFS if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion (if any) in current SI modification period   for the concerned SI message];
1> if the concerned SI message was not received:

2> acquire SIB1 as defined in sub-clause 5.2.2.3.1;
Editor’s Note: [FFS_Standalone on the details of from which SI-window the UE shall receive the DL-SCH upon triggering the SI request.

Editor’s Note: [FFS on the details of how many SI-windows the UE should monitor for SI message reception if transmission triggered by UE request]

1>
else:

2> perform the actions for the acquired SI message as specified in sub-clause 5.2.2.4.

Editor’s Note: FFS The procedural text for SI message acquisition triggered by UE request will be updated upon finalizing the details.

--------------------------------------------------------------End of the first modification---------------------------------------------
--------------------------------------------------------------Start of the second modification---------------------------------------------
–
SI-SchedulingInfo
The IE SI-SchedulingInfo contains information needed for acquisition of SI messages.
SI-SchedulingInfo information element

-- ASN1START

-- TAG-OTHER-SI-INFO-START

SI-SchedulingInfo::=



SEQUENCE {

schedulingInfoList 




SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,


si-WindowLength





ENUMERATED {s5, s10, s20,s40, s80, s160},


si-RequestConfig




SI-RequestConfig












OPTIONAL,  -- Cond MSG-1


si-RequestConfigSUL



SI-RequestConfig












OPTIONAL,  -- Cond SUL-MSG-1

systemInformationAreaID



BITSTRING (SIZE (24))











OPTIONAL,
-- Need R


...


}

SchedulingInfo ::=




SEQUENCE {


-- Indicates whether the SI is currently being broadcast. The value of the indication is valid until the end of the BCCH modification period. Change of si-BroadcastStatus should not result in system information change notifications in paging message or Direct Indication Information.

si-BroadcastStatus




ENUMERATED {broadcasting, notBroadcasting},


si-Periodicity





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


sib-MappingInfo





SIB-Mapping

}

SIB-Mapping ::= 





SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-TypeInfo

SIB-TypeInfo ::=





SEQUENCE {


type








ENUMERATED {sibType2, sibType3, sibType4, sibType5, sibType6, sibType7, sibType8, sibType9, 











spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1,... },

valueTag






INTEGER (0..31)












OPTIONAL, -- Cond SIB-TYPE

areaScope






ENUMERATED {true}












OPTIONAL -- Cond AREA-ID

}

-- Configuration for Msg1 based SI Request

SI-RequestConfig::=



SEQUENCE {


dedicatedResourceConfig


SEQUENCE {



rach-OccasionsSI





SEQUENCE {




rach-ConfigSI





RACH-ConfigGeneric,




ssb-perRACH-Occasion




ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}


}

























OPTIONAL,
-- Need R


si-RequestPeriod




ENUMERATED {one, two, four, six, eight, ten, twelve, sixteen}




OPTIONAL,
Need R



si-RequestResources 
SEQUENCE (SIZE (1..maxSI-Message)) OF SI-RequestResources


}
OPTIONAL 
-- Cond DEDICATED

}

SI-RequestResources::=

SEQUENCE {


ra-PreambleStartIndex

INTEGER (0..63),


ra-ConfigurationPeriodIndex

INTEGER (0..15)

OPTIONAL,


-- Need R


ra-ssb-OccasionMaskIndex

INTEGER (0..15)

}

-- TAG-OTHER-SI-INFO-STOP

-- ASN1STOP
	SI-RequestConfig field descriptions

	rach-OccasionsSI
Configuration of dedicated RACH Occassions for SI

	si-RequestPeriod
Periodicity of the SI-Request configuration in number of PRACH configuration periods.

	si-RequestResources
If there is only one entry in the list, the configuration is used for all SI messages which are provided on demand. Otherwise the 1st entry in the list corresponds to the first on demand SI message in schedulingInfoList, 2nd entry in the list corresponds to the second on demand SI message in schedulingInfoList and so on. Change of si-RequestResources in SIB1 should not result in system information change notifications in Direct Indication Information.


	SI-RequestResources field descriptions

	ra-ConfigurationPeriodIndex
Index of the PRACH configuration period in the si-RequestPeriod from which the dedicated preamble indices can be used for this SI request. If the overall number of SSBs (NTOT) is higher than the number of SSBs associated with one RACH occasion (N), the dedicated preamble indices can be used for NTOT/N consecutive RACH occasions.

	ra-PreambleStartIndex
If N SSBs are associated with a RACH occasion, where N > = 1, for the ith SSB (i=0, …, N-1) the preamble with preamble index = ra-PreambleStartIndex + i is used for SI request; For N < 1, the preamble with preamble index = ra-PreambleStartIndex is used for SI request.


	SI-SchedulingInfo field descriptions

	si-RequestConfig
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to onDemand. If the field is not present the UE uses Msg3 to request SI-messages for which si-BroadcastStatus is set to onDemand (if any).

	si-RequestConfigSUL
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to onDemand. If the field is not present the UE uses Msg3 to request SI-messages for which si-BroadcastStatus is set to onDemand (if any) on supplementary uplink.

	si-WindowLength 
The length of the SI scheduling window. s5 corresponds to 5 slots, s10 to 10 slots and so on.

	systemInformationAreaID
Indicates the system information area that the cell belongs to. A SIB that is area specific may be applicable within an area referred to as a system information area, where the area is identified by systemInformationAreaID. The systemInformationAreaID is unique within a PLMN and is associated with the first PLMN-Identity included in the PLMN-IdentityInfoList.


	SchedulingInfo field descriptions

	si-BroadcastStatus
Indicates the SI message is being broadcasted or on-demand. Change of si-BroadcastStatus should not result in system information change notifications in Direct Indication Information.The value of the indication is valid until the end of the BCCH modification period.


	Conditional presence
	Explanation

	AREA-ID
	The field is present if systemInformationAreaID is presentand the SIB is valid within the area identified by systemInformationAreaID,otherwise it is not present.

	MSG-1
	The field is optionally present, Need R, ifsi-BroadcastStatus is onDemand for any SI-message included in SchedulingInfo. It is absent otherwise.

	SIB-TYPE
	The field is mandatory present if the SIB type is different from SIB6, SIB7 or SIB8.

	SUL-MSG-1
	The field is optionally present, Need R, if this serving cell is configured with a supplementary uplink and if si-BroadcastStatus is onDemand for any SI-message included in SchedulingInfo. It is absent otherwise.

	DEDICATED
	The field is present if dedicated RACH resources are configured for SI request. If absent the  UE uses common RACH reseourcse.


--------------------------------------------------------------End of the second modification---------------------------------------------
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