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1 Introduction

A new Rel 13 Work Item on Further LTE Physical Layer Enhancements for MTC has been approved [1].

For MTC UEs in the enhanced coverage mode, the time taken to acquire SIB/SI information can now be very long due to the high number of repetitions required.   

In this contribution we highlight potential issues during the first modification period where SI/SIB information has changed caused by CE UEs longer SIB/SI acquisition times. 
2 Previous Observations and Agreements
The MTC SIB related agreements from RAN2#89 are copied below:

1    RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage.
1a   RAN2 will aim to align the SIB/SI formats and scheduling in accordance with the recommendations received from RAN1. RAN2 will confirm the SIB concept with RAN1
2    RAN2 intends to branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for EC and LC. FFS whether we reuse the existing SIB IEs or introduce one or more SIBs.
3    In order to efficiently support cell selection and reselection it would be desirable to transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). However, it needs to be investigated whether this is feasible in terms of overhead and total acquisition time.
4    From RAN2 point of view the scheduling information (time, frequency and MCS/TBS) allowing acquiring of “SIB1” for LC/EC UEs could e.g. be in MIB, i.e., dynamic L1 information in PDCCH is not needed. The required granularity for supported transmission formats and whether it is feasible to indicate this in MIB requires further discussion.
5    From RAN2 point of view the “SIB1” for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH.
6    RAN2 confirms that the TB size restriction of 1000 bit for broadcast is acceptable from RAN2 point of view. This is based is on the assumption that the network provides separate SIBs (different time/frequency resources) to LC/EC UEs and legacy UEs.
Note, as input to the RAN2#89 discussion, RAN1 supplied R1-150873, which made the following observations:

· The required number of repetitions can be very high.

· In case of “discontinuous” repetition, with the SIB transmitted every 20 ms, 100-209 repetitions are required for receiving a TB of 328 bits with 1% BLER.

· In case of “continuous” repetition, with the SIB transmitted more frequently, 300-365 repetitions are required for receiving a TB of 328 bits with 1% BLER. So while continuous repetition may help reduce the system information acquisition time it may also increase the overhead.

· From overhead point of view it will thus be beneficial to reduce the number of transmitted system information bits as much as possible.

· The required number of repetitions increases with the TBS.

· However, it appears to be more efficient to transmit a fixed number of system information bits in one single TB (up to the simulated maximum TBS of 1000 bits) rather than splitting them into separate smaller TBs.

· Some companies also provided results for additional coverage enhancement techniques beyond pure repetition, e.g. frequency hopping, in order to reduce the required number of repetitions, and RAN1 will continue to discuss the merits of those techniques (see Table 3 in attached document).

3 Discussion
In [2], it is specified that,

 
“The UE applies the previously acquired system information until the UE acquires the new system information”. 
Based on this, when there is an update of an SI or SIB1, there is a portion of the first modification period, termed here the SIB/SI acquisition time, where the UE is acquiring the new SI/SIBs.  During this “acquisition time” the UE continues to access the network using the previous configuration even though the network is assuming the new SI/SIB values being applied.  Now if the SI/SIB values changes are essential, it may lead to the following issues:

1. Block the UE from accessing the network for that period of time or worse, 
2. Cause interference with other UEs. 
Furthermore, if the changes are SIB14 barring commands to stop the UE from accessing network, the UE may still attempt to access the network based on the previous configuration.

For normal/legacy UEs, since the SI/SIB acquisition times are much smaller than the modification period, this is not considered an issue.  However for LC-MTC or normal UEs in the coverage enhanced mode, since the repetitions required can be very high, the “SIB/SI acquisition time” is much larger (or the order of seconds) and therefore comparable to the modification period, this could greatly increase the probability of the above issues occurring.
Observation#1:    If the CE UE is based on existing UE behaviour where “The UE applies the previously acquired system information until the UE acquires the new system information”, it may use the previous acquired configuration for a long period of time (due to repetition requirements) until the new SI/SIBs are acquired. In some cases this could cause blocked UE access attempts and also additional interference for other UEs.

So far the only option discussed that may help resolve the above issue, is lengthening the modification period. However increasing the length of the modification also increases the delay to when SI/SIBs changes can take place which maybe undesirable.  In addition, since the aim is for a common solution for both normal and enhanced coverage, increasing the modification period impacts UEs  normal coverage that are in largely unaffected by this problem.
Observation#2:    Increasing the modification period in response to observation#1, beyond a certain point maybe undesirable as it increases the delay to when SI/SIBs changes can take place.

Proposal#1:     RAN2 is requested to review if the current behaviour where “The UE applies the previously acquired system information until the UE acquires the new system information”, causes unacceptable problems for CE UEs which can now have SIB/SI acquisition times that are comparable to the modification period.

Another potential problem caused by the CE UEs longer acquisition times for SI/SIBs and other traffic (e.g. unicast, paging), is what the expected behaviour of MTC UEs is during periods where SI/SIBs and other broadcast traffic overlap in time, especially during the first modification period where SI/SIB information has just changed and the UE is acquiring the SI/SIB.  From previous RAN1 agreements, it is clear that the LC-MTC UE is not required to support simultaneous reception of multiple transport blocks in the same sub-frame from different channels (e.g. broadcast and unicast, or broadcast SIB and broadcast Paging).  However it is still unclear, if the LC-MTC UE is required to support simultaneous reception of transport blocks from different channels, when the repetitions of these blocks are in different sub-frames interleaved in time (implies discontinuous repetitions).  
Proposal#2:     RAN2 is requested to ask RAN1 to confirm if the LC-MTC UE (CE and non-CE) is required to support simultaneous reception of transport blocks from 2 or more different channels (e.g. SI and paging, or SI and unicast), when the repetitions of these blocks are in different sub-frames interleaved in time (implies discontinuous repetitions).  
4 Conclusion

In this contribution we’ve highlighted 2 potential problems relating to the CE UE SIB/SI acquisition, leading to the following observations and proposals:
Observation#1:    If the CE UE is based on existing UE behaviour where “The UE applies the previously acquired system information until the UE acquires the new system information”, it may use the previous acquired configuration for a long period of time (due to repetition requirements) until the new SI/SIBs are acquired. In some cases this could cause blocked UE access attempts and also additional interference for other UEs.

Observation#2:    Increasing the modification period in response to observation#1, beyond a certain point maybe undesirable as it increases the delay to when SI/SIBs changes can take place.

Proposal#1:     RAN2 is requested to review if the current behaviour where “The UE applies the previously acquired system information until the UE acquires the new system information”, causes new UE and system problems for CE UEs which can now have SIB/SI acquisition times that are comparable to the modification period.

Proposal#2:     RAN2 is requested to ask RAN1 to confirm if the LC-MTC UE (CE and non-CE) is required to support simultaneous reception of transport blocks from 2 or more different channels (e.g. SI and paging, or SI and unicast), when the repetitions of these blocks are in different sub-frames interleaved in time (implies discontinuous repetitions).  
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