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1
Introduction
In the last RAN2 meeting a mechanism on system information scheduling was agreed. These agreements have been captured in [2]. However when reading paragraph 5.1.1.4 in [2] two different interpretations seems possible.

This contribution aims to clarify the mechanism to read and apply new system information. It discusses the ambiguity and proposes a clarification on the interpretation as we think it was agreed. 
2
Discussion on paragraph 5.1.1.4
Currently this paragraph in [2] says:
When the network changes (some of the) system information, it first notifies the UEs about this change i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated system information. These general principles are illustrated in figure 5.1.1.4-1, in which different colours indicate different system information. When the UE receives a change notification, it knows that the current system information is valid until the next modification period boundary.

This could be interpreted in following ways:

a) The system information is only valid until the boundary at the end of the notification period. After this boundary the new SI will be read an applied as soon as possible.
The benefit of this proposal is that the delay for applying the new SI in the UEs is as short as possible. The drawbacks are that different UEs will apply the new SI at different points in time, depending on their ability to receive the new SI correctly with or without waiting for retransmissions. Furthermore in the time between discarding the old SI and applying the new SI the UE may not be able to continue with ongoing services. This is based on the latest Ran1 agreements in [3] to send PHICH parameters, needed for decoding the PDCCH, in the MIB. UEs which have not received the latest PHICH information will not be able to continue with ongoing services.
b) According to the text in 5.1.14 the system information is valid until the boundary at the end of the notification period. This could be interpreted as a lowest limit and the SI may be valid even after the boundary. During the following modification period the new SI is received by the UEs but applied only at the end of this modification period.
The benefit is this interpretation is that all UE will apply the new SI at the same time while the old SI may be used while reading the new SI. There is no period of invalid or missing SI in the UEs and UEs can continue their ongoing sessions. However, this works only fine for UEs which have stored old SI. For the case of power-on, returning from OOS or mobility this would cause a long delay for acquiring new SI. As PHICH in MIB might have changed as well (although this can be seen as rather rare event) the UE will not be able to read the SUs without the new MIB.
A possible way aroud is to indicate whether MIB has changed and to shorten the modification boundary in this case. The UEs would acquire the new MIB in short time and can then start to decode the SUs.
3
Proposal
Both interpretations discussed above have their pros and cons. From the discussion in the last RAN2 meeting we understood that option a) which allows for applying the new SI immediately after the notification boundary was the intention.

However, we think that some clarifications in the text are needed. In particular the RAN1 agreement in [3] on the PHICH parameters in MIB requires a modification. According to [3] the parameter “PHICH resource size” which indicates the amount of PHICH resource is expected to change very infrequently (e.g. at most once per hour). This information is needed to decode the PDCCH and therefore apply to the new SU reading.
The agreement in the last RAN2 meeting about reading SU-1 first after UEs have been notified about a SI change (either by paging of by BCCH-RNTI) needs to be modified. It shall be clarified that all UEs need to read the MIB first.

As mentioned in the discussion above a change of PHICH parameters will lead to a period in time of invalid decoding information in the UEs and ongoing services as well as SU reading can not be continued until the MIB has been received correctly. According to the RAN1 decision to perform soft combining on PBCH correct decoding of MIB can be expected within 40ms. This assumes that all 4 retransmissions of MIB can be received. Even in bad radio conditions it can be expected that the outage is not longer than 80ms.

We understood from RAN1 that PHICH changes are rare events. Therefore we want to raise the question whether the mentioned outage for SUreading and ongoing services, which applies to all UEs in the cell, needs to be avoided or is considered acceptable.

In the following a simple mechanism to avoid this outage is proposed.

The mechanism should allow for transmission of the new MIB even after the boundary which defines the end of the notification period while the old MIB is still valid. This MIB modification period should be as short as needed to allow for reliable MIB reading e.g. 2 MIB repetitions = 80ms. After this MIB modification period the complete new SU will be transmitted. UEs which have been in the cell already during the notification period can therefore continue their services. UEs which have entered cell during the MIB modification period will not be able to decode SU-1, but as the period is short the problem should not be severe. If the UE enters the cell just before MIB modification period (and does not receive change notification) it will be required to re-read MIB and SU-1 after the notification boundary in order to be able to decode PDCCH.
The different cases of entering a cell are shown in figure 1.


[image: image1]
Figure 1: SI update for different times of entering a cell
In all cases the UE shall read the MIB first to get the SFN. The boundaries B1 and B2 will be calculated by SFN mod N1 and SFN mod N2. N1 and N2 can be fixed in the standard.
Case 0: Unproblematic case. The UE receives the notification. It reads the new MIB after B1 while it continues with the old MIB until the end of updated MIB information boundary, B2. After B2 the UE reads the updated SUs.
Case 1: The UE does not receive the change notification but still receives a MIB before the updared MIB is transmitted.  The UE will realise boundary B1 and re-read the MIB. It still may use the old MIB until B2. Upon B2 the new MIB is valid and the UE reads the updated SUs.
Case 2: The UE does neither receive the change notification nor the last MIB before the updared MIB is transmitted. The UE will realise boundary B1 and read the MIB. It can not continue with an old MIB which causes an outage between B1 and B2. Upon B2 the new MIB is valid and the UE reads the updated SUs. A simple solution to avoid the outage for this HO case is that the old MIB or even only the PHICH parameters are provided in the HO cmd. It is up to the group to decide whether this mechanism is considered beneficial.
Case 3: The UE enters the cell during the period of MIB update. It reads the MIB calculates B1 and B2 and applies the new MIB after B2. It will also read the updated SUs after B2.

Case 4: The UE enters the cell after the new MIB has become valid. It will read the MIB and calculate B1 and B2. From the distance to B1 and the past B2 it will realise that the MIB information must be valid. It may apply the new MIB immediately and read the updated SUs.
4
Conclusion

It is proposed to clarify the description of system information validity and notification of changes in paragraph 5.1.1.4 in [2]. It shall be specified clearly that the new SI can be applied as soon as possible in the UE without the need to wait for the end of the BCCH modification period.
It shall also be clarified that upon notification the UEs shall read MIB first in order to detect new PHICH information, needed to decode the PDCCH correctly.

It is proposed to discuss the mechanism which avoids a period of invalid MIB contents which may result in interruptions of ongoing services:
Proposal 1: Additional boundary for MIB e.g. 80ms after normal BCCH boundary (notification boundary) should be introduced.  New MIB is sent during that time, but not used until the end of the MIB modification period.
Proposal 2: The UE shall determine its position relative to the boundaries and read / re-read and apply the MIB information accordingly.

Beginning of Text Proposal
5.1.1.4
System information validity and notification of changes

System information changes only occur at specific radio frames i.e. the concept of a modification period is used. SCHEDULING UNITS may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. The modification period boundaries are defined by SFN mod N1. The modification period for system information update consists of a MIB modification period bounded by the MIB boundary and a SU modification period bounded by the following BCCH modification period boundary. The MIB boundary is defined by SFN mod N2.
When the network changes (some of the) system information, it first notifies the UEs about this change i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated system information. In particular updated MIB information is transmitted until the MIB boundary. Within this period the previous MIB information is still valid. The updated MIB information becomes valid at the MIB boundary. Between the MIB boundary and the following BCCH modification period boundary the network transmits the updated scheduling unit information. The UE shall apply the received updated system information at the earliest possible point in time. These general principles are illustrated in figure 5.1.1.4-1, in which different colours indicate different system information. When the UE receives a change notification, it knows that the current scheduling unit information is valid until the next modification period boundary.



Figure 5.1.1.4-1: Change of system Information 

The PAGING message is used to inform UEs in RRC_IDLE about a BCCH change. UEs in RRC_CONNECTED monitor the PDCCH at a periodic occasion specifically defined for this purpose i.e. a ‘Connected mode system information change notification’ occasion. If the UE detects the BCCH-Change-RNTI, it knows that the system information changes at the next modification period boundary.  Although the UE may be informed about changes in system information, no further details are provided e.g. regarding which SU has changed. The change notification mechanism is not used for the system information using an expiry timer (intended for the more dynamic system information).
UEs entering the cell at any point in time shall read the MIB information before SU-1.
SU-1 includes a value tag that indicates if a change has occurred in system information other than the MIB and SU-1. UEs may use this value tag e.g. upon return from out of service, to verify if the previously acquired system information is still valid. The UE considers system information to be valid for at most [TBD] from the moment it was received.
Editors note
The UE requirements corresponding with the above descriptive text are still to be captured elsewhere e.g. within the paging procedure which may trigger the BCCH acquisition procedure.

End of Text Proposal
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