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1 Introduction

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

After the first discussions at RAN2#89, one of the remaining open issues is the design of the MTC SIB/SI, specifically should it be based on a:

Alt1:    Separated SIB1 and SI structure (as applied currently) but with their own time and frequency resources and extensions to accommodate the lack of PDCCH
Alt2:    New combined SIB constructed out of the essential contents of SIB1/2/14 and possibly SIB3
In this contribution we review these alternative strategies for delivering SIB/SI information to different MTC devices.   
Note, a common SIB solution is assumed to be shared by normal coverage LC UEs, enhanced coverage LC UEs and enhanced coverage normal UEs. 

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).

For the following discussions, the key points to take away from the above statements include:

1. There is a desire to ensure a solution that is flexible enough to enable future enhancements/growth.

2. The number of SIB/SI repetitions required for coverage enhanced MTC UEs can easily be in the 100’s depending on the channel type, BLER target and payload size. 

3. Cell selection and reselection is considered important in some scenarios.
3 Discussion

3.1 LC-MTC Devices that are mobile

As per [2], Release 13 devices can be broadly divided into 2 classes with different coverage and mobility needs and therefore also different SIB/SI needs.  Whilst much of the SIB discussion thus far has focused on the low mobility-to-stationary enhanced coverage “smart meter” device class, we should not forgot the normal coverage mobile “consumer electronic” class of devices such as, smart watches and pet trackers.  When mobility is taken into consideration, then the following observation about the 2 strategies can be made:
Observation#1:     For normal coverage LC-MTC devices that are mobile (e.g. smart watches), it is important that they are able to determine neighbour cell suitability as quickly as possible before the existing connection becomes unusable.  For this scenario a short MTC_SIB1 is preferable to a longer combined MTC_SIB, for 2 reasons:

1.    Since the MTC_SIB1 contains all the information to check cell suitability and it is shorter than the combined MTC_SIB, the time taken by devices to check basic cell suitability is reduced.

2.    Since with the MTC_SIB1/SI solution, the SI messages periodicity is independent of the SIB1 periodicity, it is now possible to transmit the more critical (e.g. for cell selection) but shorter MTC_SIB1 at a higher frequency than the less critical SI information.  Depending of the precise configuration, this could provide a more spectrally efficient method of delivering SI information than the comparable combined MTC_SIB solution. 

3.2 LC-MTC Devices that lose coverage

Whether it is a normal or enhanced coverage LC-MTC device, there will be times when the device loses coverage.  In these scenarios, the current SIB1 “systeminfovaluetag” provides a simple mechanism that the UE can exploit, to determine if it can avoid expending additional time/power resources to reacquire all the SIB/SI information again when that information has not actually changed.  With a combined MTC_SIB solution, even if coverage is only momentarily lost, the device would currently have to reacquire the full MTC_SIB (~936 bits), which could be up to 3 times the size of the MTC_SIB1 (~328 bits) even though the SIB/SI information may not have changed.
Observation#2:   For LC-MTC devices that have lost cell coverage for a short period of time (possible reasons include mobility, changing radio conditions or even a deep sleep mode), then having a separate MTC_SIB1/SI solution is preferable to a combined MTC_SIB solution, because it reduces the power required to confirm pre-existing SIB/SI validity (via the “systeminfovaluetag”).

3.3 Future Proofed Design

There have already been a number of detailed RAN2 contributions suggesting which SIB IEs could be removed from the combined MTC_SIB solution so that the final combined MTC_SIB size is less than the maximum TBS of 936 bits.  For these “could be removed” IEs the debate has only started.  If RAN2 continues with the combined MTC_SIB strategy then:
· RAN2 is forced to make difficult decisions now that will limit initially supported functionality (e.g. no inter-frequency neighbours) and the future scope for enhancements.
· RAN2 will need to expend a lot of time and effort reaching a consensus for each SIB IE that is under consideration
Alternatively if the existing separated SIB1/SI mechanism is adopted by RAN2, most of the debate about which IEs should be kept and which should be removed is unnecessary (saving RAN2 time), as now these sort of decisions can be treated as deployment configuration options.  
A separated SIB/SI solution which reuses existing normal UE SIB definitions (where possible),  also reduces the workload for RAN2 in future releases, by minimising the amount of duplication specification work involved in incorporating new IEs in both a normal UE SIB and a distinct MTC_SIB. 
Observation#3:    The combined MTC_SIB solution immediately places hard specification defined constraints (e.g. size of neighbour cell information) on SI contents in order to meet MTC TBS limitations.  In contrast, the separate MTC_SIB1/SI solution maintains SIB/SI content options, allowing choices about SI content (e.g. inclusion of inter-frequency neighbours) to be made at the deployment stage.   In addition, the MTC_SIB1/SI solution can more flexibly accommodate future SIB extensions.

3.4 Scope for different SIB combining and scheduling

The existing separate SIB1/SI scheduling mechanism, allow us to combine different SIBs into different SI messages and to vary the periodicities of these different SI messages.  Depending on the relative priority and stability of SIBs, it is possible to exploit these features to separate SIBs whose changes are less time sensitive, from SIBs whose changes are more time sensitive, into different SI messages with different periodicities. With appropriate configuration, these options can be exploited to maximise spectral efficiency by transmitting less critical SI messages at a lower periodicities than more critical SI messages.     In contrast, the combined MTC_SIB solution offers no such flexibility and treats all SIB content as equally “essential”, meaning that even the less critical SIBs are transmitted with the same periodicity as the most critical SIB.
Observation#4:  Unlike a combined MTC_SIB solution, the separate MTC_SIB1/SI solution (based on existing mechanisms but with extensions to accommodate the lack of the PDCCH), has the flexibility to support:

1.  Alternative combinations of SIBs in different SI  messages

2.  Alternative periodicities for different SI messages.

3. Alternative “PDCCH-less” SI message scheduling options (e.g. TBS/MCS/frequency) via new MTC_SIB1 extensions

With appropriate configuration, the above flexibility can yield spectral efficiency improvements over the combined MTC_SIB solution.

3.5 Way Forward

In the previous meeting some have argued that the existing separate SIB1/SI mechanism should be dropped in favour of a new single combined MTC_SIB solution is preferred because:

· It can be tailored to be as small as possible, thereby reducing the power/time for enhanced coverage MTC devices to obtain sufficient information to make initial cell access.

However, since enhanced coverage devices are delay tolerant, does it really matter how many repetitions it takes to acquire the minimum essential SI information for cell access?   Also, when you consider that a common solution is desired to support both normal and enhanced coverage MTC devices, is the loss of flexibility and quick cell selection, imposed by the combined MTC_SIB still acceptable? 
Hence we have the following proposal:

Proposal#1:   The existing separate SIB1 and SI window mechanisms should be replicated for LC_MTC devices with extensions to accommodate the lack PDCCH.

4 Conclusion

 It is recommended that RAN2 discusses the following observations and proposals:

Observation#1:     For normal coverage LC-MTC devices that are mobile (e.g. smart watches), it is important that they are able to determine neighbour cell suitability as quickly as possible before the existing connection becomes unusable.  For this scenario a short MTC_SIB1 is preferable to a longer combined MTC_SIB, for 2 reasons:
1.    Since the MTC_SIB1 contains all the information to check cell suitability and is shorter than the combined MTC_SIB, the time taken by devices to check basic cell suitability is reduced.
2.    Since with the MTC_SIB1/SI solution, the frequency of transmission of the SI is independent of the SIB1, it is now possible to transmit the more critical but shorter MTC_SIB1 at a higher frequency than the less critical SI information.  Depending of the precise configuration, this could provide a more spectrally efficient system. 
Observation#2:   For LC-MTC devices that have lost cell coverage for a short period of time (possible reasons include mobility, changing radio conditions or even a deep sleep mode), then having a separate MTC_SIB1/SI solution is preferable to a combined MTC_SIB solution, because it reduces the power required to confirm pre-existing SIB/SI validity (via the systeminfovaluetag).
Observation#3:    The combined MTC_SIB solution immediately places hard specification defined constraints (e.g. size of neighbour cell information) on SI contents in order to meet MTC TBS limitations.  In contrast, the separate MTC_SIB1/SI solution maintains SIB/SI content options, allowing choices about SI content (e.g. inclusion of inter-frequency neighbours) to be made at the deployment stage.   In addition, the MTC_SIB1/SI solution can more flexibly accommodate future SIB extensions by for example, simply altering the SI window partitioning of SIBs.
Observation#4:  Unlike a combined MTC_SIB solution, the separate MTC_SIB1/SI solution (based on existing mechanisms but with extensions to accommodate the lack of the PDCCH), has the flexibility to support:

1.  Alternative combinations of SIBs in different SI  messages

2.  Alternative periodicities for different SI messages.

3. Alternative “PDCCH-less” SI message scheduling options (e.g. TBS/MCS/frequency) via new MTC_SIB1 extensions

With appropriate configuration, the above flexibility can yield spectral efficiency improvements over the combined MTC_SIB solution.

Proposal#1:   The existing separate SIB1 and SI window mechanisms should be replicated for LC_MTC devices with extensions to accommodate the lack PDCCH.
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