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1 Introduction

The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category for MTC operation, (2) achieve LTE coverage improvement corresponding to 15 dB for FDD, and (3) minimize UE power consumption. For the new low complexity UE, reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique.
In this paper we discuss the system information update mechanism for Rel-13 low-complexity and coverage enhanced UEs (Rel-13 LC/CE UEs). Note that the term SIB1x is used to refer to the new SIB1 introduced for Rel-13-LC/CE UEs.
2 Discussion
2.1 SI update mechanism
System information is normally only updated at specific radio frames in which SFN mod N = 0, where N is known as the modification period. The shortest modification period is 640ms, while the longest modification period is 40.69s. In practice, however, the longest modification period is limited by the SFN periodicity which is only 10.24s. 

In many existing LTE deployments a typical value for the modification period is 2.56s. Since a Rel-13 LC/CE UE may not be able to decode SIB1x and all SI messages within this time, a larger modification period will most likely be needed. Due to this reason, it was agreed in RAN2#89bis that a separate modification period can be configured for Rel-13 LC/CE UEs. Today there are two different ways in which a UE can be informed about an SI update:

-
If the UE receives a paging message including the systemInfoModification, it knows that the system information will be updated at the next modification period boundary.
-
If the UE detects that the systemInfoValueTag in SIB1 is changed, it knows that the system information has been updated.

The following options can be considered for system information update mechanism for Rel-13 LC/CE UEs:

-
reading the SIB1x valueTag in the beginning of each modification cycle
This would require the Rel-13 LC/CE UEs to decode SIB1x every modification cycle and therefore may end up too costly from power consumption standpoint considering that SI updates are usually not frequent.
-
sending the indication for system information update via paging mechanism
This is similar to legacy, but using the paging mechanism for Rel-13 LC/CE UEs described in [5].
-
separate set of paging time/frequency resources that is common to all Rel-13 LC/CE UEs can be configured for SI update notification
This would require Rel-13 LC/CE UEs to monitor both paging occasions; once for paging (UE-specific), once for system information update notification. Therefore, it can be too costly from power consumption standpoint considering that SI updates are usually not frequent.

-
reading the SIB1x valueTag when there is UL data
This would be less costly from power consumption standpoint compared to the first option. However, it wouldn’t work since the UE may still need to read the system information even though it does not intent to trigger network access for uplink traffic. For example, there may be an update in the paging related broadcast information. Then the UE wouldn't be aware of the update until it has a packet to send in the uplink. In the meantime, it may not be possible to reach the UE via paging for downlink traffic.
This option may also cause UL accesses to be concentrated. Rel-13 LC/CE UEs operating different CE will complete decoding SIB1x at different times though.
-
reading the SIB1x valueTag when there is UL data, but the network sends an indication for system information update via paging, i.e. using the legacy mechanism, if some certain SIB fields are updated, e.g. fields related to paging configuration
This would address the problem described in the option above, however Rel-13 LC/CE UEs still need to monitor the channel in case the network transmits a notification for SI update. The only benefit with this option is for the UE to update the system information only when there is uplink data or if certain SIB fields, such as paging related configurations are updated. The latter is expected to happen more rarely when compared to SI updates in general.
This option may also cause UL accesses to be concentrated. Rel-13 LC/CE UEs operating different CE will complete decoding SIB1x at different times though. 
Based on the discussion above, we propose the following: 
Proposal 1 Consider sending the indication for system information update via paging mechanism introduced for Rel-13 LC/CE UEs.

2.1.1 Extending the valueTag
Extend the ValueTag field in SIB1x with information about which SIB/SI message that has been updated or provide such information as part of the paging message for system information update notification.

The benefits would be UE power consumption, i.e. the UE would know which SI message or SIB to update and modification period, i.e. the network has to consider the time needed for Rel-13 LC/CE UEs to acquire the updated SI message or system information.
Considering that the amount of repetitions for decoding an SI message can be very large, it may be beneficial to indicate to the Rel-13 LC/CE UEs which system information that will change. In this way the Rel-13 LC/CE UEs can avoid reading SI messages which have not been updated. Note that a similar mechanism already exists in UMTS based on SIB specific value tags [2].
Proposal 2 Consider extending the SI update mechanism with an indication to inform Rel-13 LC/CE UEs which SI message will change.

2.2 Updating shared SI

One problem arises when an SI parameter needs to be updated for both legacy UEs and for Rel-13 LC/CE UEs (e.g. TDD configuration in SIB1/SIB1x). In this case both the Rel-13 LC/CE UEs and the legacy UEs need to be notified before the update can take place. As seen in Figure below, notification starts earlier for Rel-13 LC/CE UEs than for legacy UEs but ends at the same time. This is guaranteed by the fact that the Rel-13 LC/CE modification period is always a multiple of the legacy modification period. From the viewpoint of the legacy UE, the update procedure is the same and all it sees is the short modification period. 
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Figure 2: SI updated for both legacy and Rel-13 LC/CE UEs

2.3 UE behaviour during SI acquisition
In [3] a potential issue was raised where a Rel-13 LC/CE UE temporarily applies the wrong SI. The issue arises when a Rel-13 LC/CE has received a SI change notification and attempts to acquire the updated SI at the start of the next modification period. According to the current specification:

“The UE applies the previously acquired system information until the UE acquires the new system information”

If a critical parameter was updated (e.g. RACH or TDD configuration) this could potentially have undesired effects. As pointed out in [5], this is not a new problem but it is made worse by the long acquisition times for Rel-13 LC/CE UEs. Further analysis is required to identify the critical SI parameters, but we note that the problem can generally be solved by forbidding the UE to transmit while it is acquiring the updated SI. One way to ensure this can be as follows:

-
UE is in RRC_IDLE: UE may treat the cell as barred and does not perform random access while the new SI is being acquired.
-
UE is in RRC_CONNECTED: UE may be released to idle mode before a critical parameter is updated. Once the UE is in idle mode it applies the previous rule.
Another important aspect to note is that the SI acquisition mechanism is also discussed in the context of extended DRX cycles in idle and connected modes [4]. It can be assumed that a Rel-13 low complexity and/or coverage enhanced UE would be configured with an extended DRX cycle. Therefore a mechanism should be considered for both.
Proposal 3 Extended DRX cycles in idle and connected modes should be taken into consideration when discussing the system information update mechanism for Rel-13 LC/CE UEs.

2.4 SI updates in RRC connected mode

According to [2], a UE in connected mode must ensure SIB1 and SIB2 are kept up-to-date
, which means that the UE must regularly check for system information updates either by monitoring the paging channel or by verifying the ValueTag in SIB1. For Rel-13 LC/CE UEs, this would require a frequency re-tuning since paging and SIB1x will, most likely, be transmitted on a different narrowband. This in turn causes service disruption as the UE will not be able to monitor M-PDCCH during this time, and hence cannot receive or transmit data. Due to this reason, a separate SI update mechanism for UEs in connected mode may be needed. Some of the options include:
A. RRC connection is released at an SI update

B. SIB1x and SIB2 are transmitted via dedicated signalling 

C. Paging is supported in connected mode

In the first option the UE is released back to idle mode with a new cause value indicating that the SI has been updated. This solution is straightforward but requires the UE to repeat the whole RRC connection setup procedure to re-establish the connection once the new SI is acquired. However, this may be acceptable considering that updates to SIB1x and SIB2 are rare. Note that it will still be up to the eNB to release the UE if necessary considering the scope of the update.
The second option is less disruptive for the UE but potentially places a high burden on the eNB which now has to transmit SIB1x and SIB2 individually to each UE in connected mode. Note that it is possible to transmit SIB1 already today in the RRCConnectionReconfiguration message
.
In the last option the UE receives the SI change notification in a Paging message indicated via P-RNTI on M-PDCCH. Note that the M-PDCCH set monitored by the UE in connected mode will in general be different from the M-PDCCH set monitored in idle mode, if a downlink common control channel is used, and may also differ between UEs. Thus, the eNB may have to indicate the Paging message on multiple M-PDCCH sets simultaneously. The UE would still be required to do a frequency re-tuning to receive the actual Paging message. This option is more general than the others as it allows paging to be supported in connected mode, but it is also considerably more complex. 

Proposal 4 Updates to SIB1x and SIB2 in connected mode are handled by releasing the RRC connection.

3 Conclusion

In this contribution we have discussed the SI update mechanism for Rel-13 low complexity and/or enhanced coverage UEs. In section 2 we have the following proposals:
Proposal 1
Consider sending the indication for system information update via paging mechanism introduced for Rel-13 LC/CE UEs.
Proposal 2
Consider extending the SI update mechanism with an indication to inform Rel-13 LC/CE UEs which SI message will change.
Proposal 3
Extended DRX cycles in idle and connected modes should be taken into consideration when discussing the system information update mechanism for Rel-13 LC/CE UEs.
Proposal 4
Updates to SIB1x and SIB2 in connected mode are handled by releasing the RRC connection.
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� SIB7 (CDMA2000) and SIB14 (WLAN interworking) need to be kept up-to-date as well but these are less relevant in this context.


� This feature was introduced as part of CRE (Cell Range Extension) in FEICIC in Rel-11, see clause 16.1.5 in � REF _Ref425241809 \r \h ��[3]�.
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