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1 Introduction
During the RRC Adhoc meeting, there was discussion about how UE handles a change of system information when it is engaged in a connection setup procedure. We analyze the various options available in this situation and consider their implications.
2 Discussion
For the purpose of discussion, two scenarios are considered where a UE’s connection setup procedure overlaps a system information change occasion, and they are analyzed under the current assumptions.  Scenario 1 shown in Figure 1 consists of a UE receiving a page and a SI change indication in its paging occasion. The UE then performs the RA procedure, which continues past the modification period boundary. 
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Figure 1: Scenario 1 – Simultaneous SI change indication and page
Scenario 2 shown in Figure 2 consists of UE starting a call origination prior to its paging occasion during a modification period in which a SI change is being signaled. The resulting RA attempts continue past the modification period boundary. Given that the UE started its origination before its paging occasion, the UE may not know of the upcoming SI modification at the time of origination. 
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Figure 2 : Scenario 2 – UE call origination
The RA attempts that continue past the modification period boundary can cause multiple problems:
· Any of the RACH parameters may have changed (eg., PRACH resources, preamble split, RA response window, root sequence,  preamble_trans_max,…) leading to failed RACH attempts and interference to other UEs.

· Access class barring may have been switched on and the UE could be violating the barring.
· PHICH duration or resource may have changed leading to failure even after RA attempts succeed.
· In TDD, the UL/DL split may have changed and the UE could then be causing DL interference.
· The cell barring status may have changed and the UE may perform access on a barred/reserved cell.
Note that in addition to the scenarios mentioned above there are other scenarios, for example when UE comes out of DRX mode and has to perform RA, which have the same problems. 

It should also be noted that UE needs to read system information during connection setup. Otherwise, in scenario 2, a UE could entirely miss the SI change indication and would not read the new system information. Thus as a first step, we have the following proposal:
Proposal 1: UE continues to monitor paging for system information change indication during a connection establishment procedure.
Our assumption is that if system information change is fairly frequent, the problems mentioned above are serious. Below, we consider several options to solve the problems.
Option 1 – Delaying until new SI is read
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Figure 3 : Option 1
The first option consists of delaying the connection setup until the new system information is read, if the start of the connection setup procedure is close to the next modification period boundary. While this option is relatively simple, it can lead to delays of up to several seconds before the connection setup procedure is executed. If system information changes fairly frequently, such as in the case of access barring, this could have a heavy impact.
Another problem with this option is that it causes a “blackout period” in the first modification period in which the new SI is transmitted, as UEs read the new system information. There is no UL transmission in the blackout period. This can result in significant wasted capacity and delay to connection setup, but also a rush for RA resources for a short period after the UEs have read SI.
Option 2 – Interrupting RA procedure to read new SI
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Figure 4 : Option 2
The second option consists of UE interrupting the RA procedure when the modification period boundary is reached, reading the new system information and then continuing the RA procedure using the new system information. This option still has the problem of the large delays of connection setup as in option 1, but the occurrence of the delays would be less frequent (depends on the time in the modification period when the connection setup is triggered). This option also has the blackout period problem as in the first option. 
Interrupting the RA procedure (for a duration of up to several 100s of milliseconds) and then continuing the RA procedure requires significant additional communication between MAC and RRC. Procedures involving RRC timers will have to be redesigned to take this exception into account. Given that the interruption has to be done by RRC, it also creates race conditions. Therefore, we think that option 2 is very complex from the point of view of UE implementation.
Option 3 – Offsetting the transmission of the new SI
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Figure 5 : Option 3
The third option consists of offsetting the time at which the transmission of the new SI is started relative to the time at which it is effective. As shown in Figure 5, the transmission of the new SI is started at A, whereas the new SI is effective at C. An additional time B is defined, so that UEs that trigger a new connection setup procedure after B delay the execution of the procedure until the new SI is effective. UEs that trigger a new connection setup procedure before B do not delay the execution of the procedure. This option eliminates the delays to the connection setup procedure of options 1 and 2. It eliminates the blackout problem for all UEs. Also, it does not involve the interruption and continuation of the RA procedure as in option 2.
However, since there is an interval during which the new system information is transmitted and the old system information is effective, UEs that reselect to the cell face ambiguity about whether the system information being transmitted is currently effective.
A UE that reselects to the cell:
1. Reads system information and determines modification period boundaries and offset of SI effective time.
2. Determines if the current time is between A and C.
3. If the current time is between A and C, UE checks for SI change indication by reading paging at any paging occasion.
4. If the current time is between A and C and SI change is being indicated, the SI being transmitted is not currently effective. Wait until the SI effective period before using the acquired SI.
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Figure 6 : Option 3a
The following proposals are made (based on Option 3a).
Proposal 2: When System information modification occurs, the time at which the transmission of the modified system information is started preceedes the time at which the system information is effective by a defined offset (‘Offset of SI effective time’).
Proposal 3: A parameter ‘New access blocking offset’ is defined. When System information change is indicated, UEs shall not start a connection setup procedure if the current time is within the New access blocking offset prior to the time at which the new System information takes effect.
Proposal 4: Upon reselection a UE shall not access using the acquired system information until the next system information effective time, if:
· The current time is within the Offset of SI effective time before the SI effective time, and
· SI change is being indicated
3 Conclusion
We have analyzed the issues surrounding system information change during a connection setup procedure. The following are proposed, based on Option 3a discussed above.
Proposal 1: UE continues to monitor paging for system information change indication during a connection establishment procedure.

Proposal 2: When System information modification occurs, the time at which the transmission of the modified system information is started preceedes the time at which the system information is effective by a defined offset (‘Offset of SI effective time’).

Proposal 3: A parameter ‘New access blocking offset’ is defined. When System information change is indicated, UEs shall not start a connection setup procedure if the current time is within the New access blocking offset prior to the time at which the new System information takes effect.

Proposal 4: Upon reselection a UE shall not access using the acquired system information until the next system information effective time, if:

· The current time is within the Offset of SI effective time before the SI effective time, and

· SI change is being indicated
4 References
[1] R2-082942, “RRC Connection Establishment Procedure Details”, Panasonic, RAN2 RRC Adhoc, June 2008.
5 Text Proposal

5.2
System information

5.2.1
Introduction

5.2.1.1
General

System information is divided into the MasterInformationBlock (MIB) and a number of SystemInformationBlocks (SIBs). The MIB includes a limited number of most essential and frequently transmitted parameters to acquire other information from the cell, and is transmitted on BCH. SIBs other than SystemInformationBlockType1 are carried in SystemInformation (SI) messages and mapping of SIBs to SI messages is flexibly configurable by schedulingInformation included in SystemInformationBlockType1, with restrictions that: each SIB is contained only in a single SI message, only SIBs having the same scheduling requirement (periodicity) can be mapped to the same SI message, and SystemInformationBlockType2 is always mapped to the SI message that corresponds to the first entry in the list of SI messages in schedulingInformation. There may be multiple SI messages transmitted with the same periodicity. SystemInformationBlockType1 and all SI messages are transmitted on DL-SCH.

5.2.1.2
Scheduling

The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames.

The SystemInformationBlockType1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.

The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI is transmitted. The length of the SI-window is common for all SI messages, and is configurable. Within the SI-window, the corresponding SI message can be transmitted a number of times in any subframe other than MBSFN subframes, uplink subframes in TDD, and subframe #5 of radio frames for which SFN mod 2 = 0. The UE acquires the detailed time-domain scheduling (and other information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH.

A single SI-RNTI is used to address SystemInformationBlockType1 as well as all SI messages.

SystemInformationBlockType1 configures the SI-window length and the transmission periodicity for the SI messages.

Editor's note:
It seems best to specify the handling of the scheduling information by means of an ‘elementary procedure’, i.e. related to the reception of the related information elements.

Editor's note:
In the unlikely event that serving cell paging and target cell DBCH overlap in time one of the two activities will need to be prioritised. This may lead into paging reception loss or increases in cell reselection interruption time.

5.2.1.3
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. SI messages 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 values for which SFN mod modificationPeriod= 0. The modificationPeriod is configured by system information.

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. Starting at newSIEffTimeOffset before the next modification period, the network transmits the updated system information. The updated system information is valid from the start of the next modification period. These general principles are illustrated in figure 5.2.1.3-1, in which different colours indicate different system information. Upon receiving a change notification, the UE knows that the system information transmitted until newSIEffTimeOffset before the next modification period is valid until the next modification period boundary. 
If a UE acquires system information in a modification period in which a change notification is being indicated (for example, due to UE arriving in the cell):
· If the system information is acquired prior to newSIEffTimeOffset before the next modification period, the system information is valid only until the start of the next modification period.
· If the system information is acquired after newSIEffTimeOffset before the next modification period, the system information is valid only after the start of the next modification period.
During a modification period in which a change notification is being indicated, the UE is not allowed to start a new access procedure after NewAccessBlockingOffset before the next modification period.
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Figure 5.2.1.3-1: Change of system Information 

The Paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. If the UE receives a Paging message including the systemInfoModification, 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 SI message has changed. The change notification mechanism is not used for the system information using an expiry timer (intended for the more dynamic system information).

SystemInformationBlockType1 includes a value tag that indicates if a change has occurred in the SI messages. UEs may use this value tag e.g. upon return from out of coverage, to verify if the previously acquired system information is still valid. The UE considers system information to be valid for at most 6 hours from the moment it was received.

The UE verifies that acquired system information remains valid either by checking the value tag in SystemInformationBlockType1 after the modification period boundary or, by attempting to find the systemInfoModification indication at least modificationPeriodCoeff times during a modificationPeriod in case no paging is received. If no paging message is received by the UE during a modificationPeriod, the UE may assume that no change of system information will occur in the next modificationPeriod. If UE in RRC_CONNECTED, during a modification period, receives one paging message it may deduce from the presence/absence of systemInfoModification whether a change of system information will occur in the next modificationPeriod or not.
Editor's 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.

Editor's note:
If it will be agreed that the ETWS primary notification is performed by means of paging, ETWS capable UEs will be required to read paging.
5.2.2
System information acquisition

5.2.2.1
General
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Figure 5.2.2.1-1: System information acquisition, normal

The UE applies the system information acquisition procedure to acquire the AS- and NAS- system information that is broadcasted by the E-UTRAN. The procedure applies to UEs in RRC_IDLE and to UEs in RRC_CONNECTED.

5.2.2.2
Initiation

The UE shall apply the system information acquisition procedure upon selecting (e.g. upon power on) and upon re-selecting a cell, after handover completion, after entering E-UTRA from another RAT, upon return from out of coverage, upon receiving a notification that the system information has changed and upon exceeding the maximum validity duration.

5.2.2.3
System information required by the UE

The UE shall

1>
ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the ‘required’ System Information: 

2>
if in RRC_IDLE:
3>
the MasterInformationBlock and SystemInformationBlockType1 messages as well as SystemInformationBlockType2 through SystemInformationBlockType8, depending on support of the concerned RATs;

2>
if in RRC_CONNECTED:
3>
the MasterInformationBlock, the SystemInformationBlockType1 and the SystemInformationBlockType2 messages;
1>
consider any stored system information to be invalid if it was received more than 6 hours ago;

1>
consider any stored system information to be invalid if the value tag included in the SystemInformationBlockType1 message transmitted on BCCH is different from the one of the stored system information;

5.2.2.4
System information acquisition by the UE

The UE shall

1>
if the procedure is triggered by a system information change:
2>
start acquiring the required system information, as defined in 5.2.2.3, from newSIEffTimeOffset before the end of the modification period in which the change notification was received;
1>
if the UE is in RRC_IDLE and enters a cell for which the UE does not have stored a valid version of the system information required in RRC_IDLE, as defined in 5.2.2.3:
2>
acquire the system information required in RRC_IDLE, as defined in 5.2.3.

1>
following successful handover completion to a cell for which the UE does not have stored a valid version of the system information required in RRC_CONNECTED, as defined in 5.2.2.3:

2>
acquire the system information required in RRC_CONNECTED, as defined in 5.2.3;
Editor's note:
It has been agreed that the time critical information, i.e. the information required to continue the user plane in the target cell, shall be included in the handover command. The UE obtains the other information, e.g. the modification period, from system information.

1>
following a request from CDMA upper layers: 
2>
acquire SystemInformationBlockType8, as defined in 5.2.3;
Editor's note:
It is FFS if there is a need to explicitly specify which operations the UE is not required to perform prior to receiving the required system information i.e. this may be implied from the other, not time critical, configuration information. 

1>
not initiate the RRC connection establishment or RRC connection re-establishment procedure if it does not have a valid version of the system information required in RRC_CONNECTED, as defined in 5.2.2.3. 

If the system information was received during a modification period in which no change notification was indicated, the UE may apply the received SIBs immediately i.e. the UE does not need to delay using a SIB until all SI messages have been received. Otherwise:
· If the system information was received prior to newSIEffTimeOffset before the end of the modification period, the UE may apply the received SIBs immediately. The UE shall also receive updated system information from newSIEffTimeOffset before the end of the modification period.
· If the system information was received after newSIEffTimeOffset before the end of the modification period, the UE shall apply the received SIBs at the end of the current modification period.
Editor's note:
It seems best to specify the scheduling by means of an ‘elementary procedure’, i.e. related to the reception of the related information elements.

5.3.3
RRC connection establishment

5.3.3.1
General
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Figure 5.3.3.1-1: RRC connection establishment, successful
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Figure 5.3.3.1-2: RRC connection establishment, network reject
The purpose of this procedure is to establish an RRC connection. RRC connection establishment involves SRB1 establishment. The procedure is also used to transfer the initial NAS dedicated information/ message from the UE to E-UTRAN.

E-UTRAN applies the procedure as follows:

-
to establish SRB1 only.
5.3.3.2
Initiation

The UE initiates the procedure when upper layers request establishment of an RRC connection while the UE is in RRC_IDLE state.
If the initiation of the procedure occurs during a system information modification period in which a change notification is being indicated and the time of the initiation is less than NewAccessBlockingOffset prior to the end of the modification period, the UE shall delay the initiation of the procedure until the end of the modification period.
Upon initiation of the procedure, the UE shall:

1>
if T302 is running and the UE is not establishing the RRC connection for emergency calls:

2>
consider access to the cell as barred;

1>
else if SystemInformationBlockType2 includes the accessBarringInformation:

2>
if the UE is establishing the RRC connection for emergency calls:

3>
if the accessClassBarringForEmergencyCalls is set to FALSE:

4>
consider access to the cell as not barred;

3>
else if the UE has one or more Access Classes, as stored on the USIM, with a value in the range 11..15, which is valid for the UE to use according to TS 22.011 [10] and TS 23.122 [11]:
NOTE 1:
ACs 12, 13, 14 are only valid for use in the home country and ACs 11, 15 are only valid for use in the HPLMN/ EHPLMN

4>
if the accessBarringInformation includes accessBarringForOriginatingCalls, and for all of the valid Access Classes for the UE, the accessClassBarring in the accessClassBarringList contained in accessBarringForOriginatingCalls is set to TRUE:

5>
consider access to the cell as barred;

4>
else:

5>
consider access to the cell as not barred;

3>
else:

4>
consider access to the cell as barred;

2>
else if the UE is establishing the RRC connection for mobile terminating access:
3> consider access to the cell as not barred;
2>
else if the UE is establishing the RRC connection for mobile originating signalling:
3>
if the accessBarringInformation includes accessBarringForSignalling:
4>
if the UE has one or more Access Classes, as stored on the USIM, with a value in the range 11..15, which is valid for the UE to use according to TS 22.011 [10] and TS 23.122 [11], and

4>
for at least one of these Access Classes the IE accessClassBarring in the accessClassBarringList contained in accessBarringForSignalling is set to FALSE:

5>
consider access to the cell as not barred;

4>
else:

5>
if T305 is running:

6>
consider access to the cell as barred;
5>
else:

6>
draw a random number ‘rand’ uniformly distributed in the range: 0 ≤ rand < 1;

6>
if 'rand' is lower than the value indicated by accessProbabilityFactor included in accessBarringForSignalling:

7>
consider access to the cell as not barred;

6>
else:

7>
consider access to the cell as barred;

3>
else:

4>
consider access to the cell as not barred;

2>
else: 

3>
if the accessBarringInformation includes accessBarringForOriginatingCalls:
4>
if the UE has one or more Access Classes, as stored on the USIM, with a value in the range 11..15, which is valid for the UE to use according to TS 22.011 [10] and TS 23.122 [11], and

4>
for at least one of these Access Classes the accessClassBarring in the accessClassBarringList contained in accessBarringForOriginatingCalls is set to FALSE :

5>
consider access to the cell as not barred;

4>
else:

5>
if T303 is running:
6>
consider access to the cell as barred;

5>
else:
6>
draw a random number ‘rand’ uniformly distributed in the range: 0 ≤ rand < 1

6>
if 'rand' is lower than the value indicated by the accessProbabilityFactor included in accessBarringForOriginatingCalls:

7>
consider access to the cell as not barred;

6>
else:

7>
consider access to the cell as barred;

3>
else:

4>
consider access to the cell as not barred;

1>
else:

2>
consider access to the cell as not barred;

1>
If access to the cell, as specified above, is not barred:

2>
stop acting on Paging messages;

2>
apply the default configuration applicable for the antennaInformation as specified in 9.2.3, until explicitly receiving a configuration;

2>
start timer T300;

2>
initiate transmission of the RRCConnectionRequest message in accordance with 5.3.3.3;

NOTE 2:
Upon initiating the connection establishment procedure, the UE is not required to ensure it maintains up to date system information applicable only for UEs in RRC_IDLE state. However, the UE needs to perform system information acquisition upon re-selection.

1>
else:

2>
if the UE is not establishing the RRC connection for emergency calls; and

2> if T302 is not running:

3>
if the UE is establishing the RRC connection for mobile originating signalling:

4>
if T305 is not running:

5>
draw a random number ‘rand’ that is uniformly distributed in the range 0 ≤ rand < 1;
5>
start timer T305 with a timer value calculated as follows, using the accessBarringTime included in accessBarringForSignalling:

T305= (0.7 + 0.6 * rand) * accessBarringTime
3>
else:

4>
if T303 is not running:

5>
draw a random number ‘rand’ that is uniformly distributed in the range 0 ≤ rand < 1;
5>
start timer T303 with a timer value calculated as follows, using the accessBarringTime included in accessBarringForOriginatingCalls:

T303= (0.7+ 0.6 * rand) * accessBarringTime
2>
inform upper layers about the failure to establish the RRC connection, upon which the procedure ends.

5.3.7
RRC connection re-establishment

5.3.7.1
General
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Figure 5.3.7.1-1: RRC connection re-establishment, successful
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Figure 5.3.7.1-2: RRC connection re-establishment, failure

The purpose of this procedure is to re-establish the RRC connection, which involves the resumption of SRB1 operation and the re-activation of security. 

A UE in RRC_CONNECTED, for which security has been activated, may initiate the procedure in order to continue the RRC connection. The connection re-establishment succeeds only if the concerned cell is prepared i.e. has a valid UE context. In case E-UTRAN accepts the re-establishment, SRB1 operation resumes while the operation of other radio bearers remains suspended. If security has not been activated, the UE does not initiate the procedure but instead moves to RRC_IDLE directly.
E-UTRAN applies the procedure as follows:

-
to reconfigure SRB1 and to resume data transfer only for this RB;

-
to re-activate security without changing algorithms.

5.3.7.2
Initiation

The UE shall only initiate the procedure when security has been activated. 
If the initiation of the procedure occurs during a system information modification period in which a change notification is being indicated and the time of the initiation is less than NewAccessBlockingOffset prior to the end of the modification period, the UE shall delay the initiation of the procedure until the end of the modification period.
The UE initiates the procedure when one of the following conditions is met:

1>
after having detected radio link failure, in accordance with 5.3.11; or

1>
upon handover failure, in accordance with 5.3.5.6; or

1>
when RLC indicates that the maximum number of retransmissions has been reached, as specified in TS 36.322 [7]; or

1>
upon an RRC connection reconfiguration failure, in accordance with 5.3.5.5.

Upon initiation of the procedure, the UE shall:

1>
stop timer T310, if running;

1>
stop timer T312, if running;
1>
start timer T311;

1>
reset MAC and re-establish RLC for all RBs that are established;

1>
select a suitable cell in accordance with the cell selection process as specified in [4];
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