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1 Introduction

In RAN2#61bis, the notification scheme of the system information change for connected mode UEs was discussed by RAN2. There are still several issues are left open and have been discussed heavily in the email reflector of RAN2.

One major questions about the BCCH modification indication scheme for LTE_ACTIVE UE:

· Does the change RNTI indicate changes of SIBs relevant to connected mode or changes to any SIB

In this document, we provide our view on the above issue, raise discussions, and propose to RAN2 to accept our solutions.

2 Discussion

In the email discussion, the following question was raised “Does the change RNTI indicate changes of SIBs relevant to connected mode or changes to any SIB?” However, in our opinion, the distinction should not just be made for which SIBs are relevant for connected mode or idle mode
Instead, we believe the following design principle to be more useful.

The UE should decide if changed System Information blocks are relevant to it: based on this, the UE may choose to receive some SI-Messages and ignore others (possibly including the case where the UE receives no new SI-Messages).
2.1 Current state of the specification

Currently, System information change is notified as an optional ENUMERATED with only one possible 

value {true} [see excerpt from 36.331v8.1.0]
-- ASN1START

Paging ::=






SEQUENCE {


criticalExtensions




CHOICE {



paging-r8






Paging-r8-IEs,



criticalExtensions




SEQUENCE {}


}

}

Paging-r8-IEs ::=




SEQUENCE {


pagingRecords





SEQUENCE (SIZE (1..maxPageRec)) OF SEQUENCE {



ue-Identity






PagingUE-Identity,



pagingCause






PagingCause


}

OPTIONAL,
















-- Need OP


systemInfoModification



ENUMERATED {true}




OPTIONAL,
-- Need OP


...

}

-- ASN1STOP

Hence, we pose a modified question from the email discussion, as follows:

Question 1: 

Do we need a finer granularity in system information change notification? In other words, do we need details of system information change to be included in the change notification to enable the UE decide which SI-blocks/Messages to read?  
In the next section, we consider a couple of cases where a finer granularity indication may save the UE from having to unnecessarily read several SIBs.

2.2 Cases where finer granularity is preferred
In the following we enumerate some cases where finer granularity is preferred:

a) Depending on UE capabilities, certain SI change may be irrelevant to a UE and should not force UE to read all of the SI messages again; e.g. SIB8, which contains CDMA2000 related SI may not be relevant to a UE that does not have CDMA2000 capability.

b) Also, if only one or some SIBs change, it may not be required to re-read other SIBs. In that case, the UE can take less time to update old SI. e.g. if just the scheduling information of the SIBs change (in SI-1) without changing the contents of the actual SIBs, the UE needs only to re-read SI-1 to update scheduling information and then stop.
Proposal 1: System information change notification (in IDLE and in CONNECTED modes) should have a provision to indicate which SIB(s) have / have not been changed. In other words, the change notification should be more than just true/false.
2.3 Levels of granularity
We consider three granularity options (in increasing level of granularity) to indicate this System information change notification. 

Option 1: Indicate system information change for “connected mode SIBs” vs. “idle mode SIBs.” 
Note on Option 1: If the IDLE mode and CONNECTED mode changes are merged, then we need a 1-bit indication. However, if SI change is done separately on SC-RNTI in connected mode and on Paging for idle mode, we may not need Option 1. 
Option 2: Indicate system information change on a per SI-Message basis.
Option 3: Indicate system information change on a per SI-block basis.

Note on Options 2/3: This per SI-Message (or per SI-block) based change indication may be sent either on SC-RNTI or in Paging (as such, this option is orthogonal to the discussion of whether the system information change procedures should be merged for ‘LTE active’ and ‘LTE idle’ states or not.)

We find the Option 1 does not cover the enumerated cases where finer granularity is required. Hence, we need to choose between Options 2 and 3.
Proposal 2: We propose Option 2 or 3.
Proposal 3: For Option 2, we propose the following SI-Change-bitmap for indicating system information change. We will have one bit for SI-M change, and one bit for each message SI-N,  N = 1, 2,3,… depending on the number of SI-messages. When this SI-Change-bitmap is received, together with system information change notification, if the bit corresponding to SI-N is 1, then the UE knows that the contents of SI-N have changed, else SI-N is assumed to be unchanged.

Proposal 4: For Option 3, we propose the following SI-Change-bitmap for indicating system information change. We will have one bit for MIB change, and one bit for each message SIB_k,  k = 1, 2,3,…8. When this SI-Change-bitmap is received, together with system information change notification, if the bit corresponding to SIB_k is 1, then the UE knows that the contents of SIB_k have changed, else SIB_k is assumed to be unchanged.

2.4 Location of this SI-Change-bitmap
Currently, RAN2 is considering two procedures for SI-change notification: one is originally for LTE idle mode using Paging message, and the other is for LTE active using SC-RNTI.
2.4.1 Location of this SI-Change-bitmap: Paging channel
Based on the current standard, if the UE is idle, then SI-Change is indicated on the Paging channel. 
Proposal 5: We propose that the systemInfoModification IE be of a defined type SI-Change-bitmap, to be included in the Paging message.

We propose the following modification to the Paging IE.

-- ASN1START

Paging ::=






SEQUENCE {


criticalExtensions




CHOICE {



paging-r8






Paging-r8-IEs,



criticalExtensions




SEQUENCE {}


}

}

Paging-r8-IEs ::=




SEQUENCE {


pagingRecords





SEQUENCE (SIZE (1..maxPageRec)) OF SEQUENCE {



ue-Identity






PagingUE-Identity,



pagingCause






PagingCause


}

OPTIONAL,
















-- Need OP


systemInfoModification



SI-Change-bitmap




OPTIONAL,
-- Need OP


...

}

-- ASN1STOP

SI-Change-bitmap may be defined as
-- ASN1START

SI-Change-bitmap ::=
BIT STRING (SIZE (9))


-- ASN1STOP

Note that we include 9 bits since that is the maximum possible size of the SI-Change-bitmap corresponding to the maximum number of possible SI-Messages/ SI-Blocks. In case of Option 2, if for instance, there are only N SI-Messages, then the UE will ignore the other ( 9 - N ) bits.

2.4.2 Location of this SI-Change-bitmap: SC-RNTI
If a message is sent for SC-RNTI on PDCCH, then the UE will match the SC-RNTI and know that this indication corresponds to a SI-Change. 
Proposal 6: Instead of sending an empty PDCCH packet (containing only the SC-RNTI), we propose to include the SI-Change-Bitmap in the payload of the PDCCH packet.
Note: A special SI-Change message will be defined in case an SC-RNTI is defined for PDCCH. If the UE finds that the CRC of the PDCCH message is masked by SC-RNTI, the UE shall interpret the payload in the PDCCH message as the SI-Change-Bitmap.
Further, in an LS from RAN1 on PDCCH message Format 1c [3], RAN1 has provided for 10 bits in the payload of PDCCH messages of Format 1C. Hence, if we were to send a PDCCH indication masked with SC-RNTI using Format 1C, we can merely include the 9 bits of the SI-Change-Bitmap in the payload of PDCCH format 1C.
3 Conclusion

Not having to read SIBs unnecessarily can save considerable UE battery time and hence is an important gain for UE implementation. On the flip-side, adding 9 or fewer bits to the Paging message, or the PDCCH message masked with the SC-RNTI does not increase overhead.

We therefore request RAN2 to accept the above proposals.
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