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1. Introduction

In RAN#65, a new WI [1] has been approved to further enhance the physical layer for MTC.  In this contribution, considerations on the supporting SIB design from the RAN2 point of view are discussed and some proposals are provided.

References made to LC-MTC UEs in this document refer to both the coverage enhanced and non-coverage enhanced types of LC-MTC UEs.
2. Discussion
2.1    SIB1 options for LC-MTC UEs
This section discusses whether or not new occurrences of the existing SIB1 are preferable to a single larger SIB, containing SIBs 1, 2 and 14, optimized specifically to MTC UEs.
Currently, there are 4 copies (1 original plus 3 redundancy versions) of SIB1 within a 80ms period.  For LC-MTC UEs, especially those in the Coverage Enhanced mode, this small number of repetitions will in most cases be insufficient for a successful decode of SIB1 to the completed within a single 80ms period.  Preliminary RAN1 studies [4], suggest that the number of repetitions required for LC-MTC UEs to meet a 1% BLER could range from 30 to 600 depending on the TBS size and channel type.
One option is to allow LC-MTC UEs to accumulate SIB1 repetitions across multiple 80ms periods.  Given that for the majority of time SIB1 doesn’t change and that LC-MTC UEs are delay tolerant, this should not present an issue.  For the scenario when a LC-MTC UE is accumulating repetitions within a modification period when there is a change to SIB1, then that decode attempt is expected to fail and the delay tolerant LC-MTC UE will have to restart the SIB1 acquisition and decode process.
Given the high number of repetitions required and the fixed periodicity of SIB1, the following proposal is made:

Proposal #1:    
LC-MTC UEs shall be allowed to accumulate repetitions of SIB1 across multiple 80ms periods within the BCCH modification period.
Problem 1:  
How to provide the LC-MTC UE with SIB1 information?
Option (1)   Reuse the current SIB1 but add further repetitions
For this option, the resources allocated for the normal UE SIB1, would need to account for the limitations of LC-MTC UEs, specifically the:
1. The 6 PRB resource allocation limit.
2. The inability of SIB1 to process the PDCCH in current form (see sub-section 2.2)
If no further repetitions of SIB1 are defined, then there are approximately 204 SIB1 repetitions available to the UE within the maximum possible BCCH modification period of 4096 ms (radio frames= modificationPeriodCoeff* defaultPagingCycle).   With RAN1 studies [4] suggesting that a LC-MTC UE may in worse case scenarios, require as many as 500 repetitions for a 504 TBS (close to worse case SIB1), then it is obvious that many more repetitions are required than what is possible even with the maximum possible BCCH modification period.
If the number of repetitions of SIB1 could be increased to 40 per a 80ms period, then that would still only provide around 2048 repetitions within a 4096 ms BCCH modification period.   Whilst the number 2048 may seem large, it may only just be sufficient if the LC-MTC UE is also expected acquire multiple SIs within the same one BCCH modification period.

How these extra SIB1 repetitions might be discovered by LC-MTC-UEs is discussed in section 2.2
Whilst this option is marginally more spectrally efficient, it is considered undesirable as it,
1. Restricts the scheduling flexibility of SIB1 occurrences for normal UEs.
2. Restricts the reuse of IEs within SIB1 with different content.
3. Limits the scope of SIB1 size reduction for LC-MTC UEs.  
Option (2)   Create new occurrences of SIB1 for LC-MTC UEs only
The SIB1 used by normal UEs would continue to be transmitted as it is now, but elsewhere in the time and frequency domain, there would be additional occurrences of SIB1 optimized for LC-MTC UEs to account for:

1. The limited capacity afforded by the 6 PRB bandwidth constraint 
2. The number of additional repetitions required to meet coverage targets

· If RAN1 confirms it is helpful, this may include the multiplexing of repetitions with the same TBS.
3. The information content that is actually of importance to LC-MTC UEs

· If SIB1 can be made small enough, it may be possible to fit at least 1, if not 2, repetitions per TBS.
Note that whilst these additional occurrences of SIBs for LC MTC UEs may have different content to their normal UE counterparts, they are still considered to be the same SIB because they share the same definitions.
The key advantages of this solution include that it:
1. Maintains SIB1 scheduling flexibility for normal UEs
2. Allows more efficient delivery of repetitions via multiplexing per TBS
a. This needs RAN1 confirmation.
3. Reduces the time taken by the UE to acquire cell barring status and SI scheduling information compared to decoding an alternative larger aggregated SIB (see option (3)).
4. Allows the option of different content for LC-MTC UEs
How these SIB1 occurrences might be discovered by LC-MTC-UEs is discussed in section 2.2.
Option (3)   Create new SIB targeted specifically to LC-MTC UEs that includes SIB1
The critical SIBs for LC-MTC UEs (1, 2 and 14) would be optimized and combined to form a single new SIB.
Previous analysis, [2], has shown that a new LC-MTC optimized SIB, aggregating the contents of SIB1, 2 and 14 essential for RRC connection, would not be that much smaller than the current full SIBs (estimated case after optimisations SIB1 353, SIB2 528, SIB14 120).  
SIB1 is different to other SIBs today, in that SIB1 carries information necessary to receive the other SIBs.  It also has a short repetition period and fixed scheduling in time domain.  Combining other SIBs with SIB1 will break all these concepts and brings associated additional complexity.

Given that the most recent RAN1 studies [4] indicate that larger TBSs generally require fewer repetitions, this could suggest that a larger aggregated SIB might be more efficient in terms of the absolute number of repetitions.   However it is not clear from RAN1, if the smaller sized TBSs were multiplexed within the same PRB pair.  If useful repetitions of a SIB could be multiplexed within the one larger TBS, then in terms of the amount absolute time taken to decode SIBs it may actually be quicker to have smaller SIBs than a larger aggregated SIB.
In addition, for barred cells, the existing partitioning of SIBs is preferable to one new aggregated SIB, as it enables LC-MTC UEs two determine earlier (during the SIB/SI acquisition process) if they are barred or not, i.e. after decoding SIB1.
Furthermore, it has more specification impact than the other option. For example, new SIB definition needs to be specified for the new SIB which contains duplicated IEs that already exist in other SIBs. Also a new procedure text is required for the acquisition of the new SIB etc.
From the discussions above, the proposal below is made.
Proposal #2:  
The network shall be able to configure new occurrences of the SIB1 targeted at LC-MTC UEs that co-exist with the SIB1 occurrences that already exist for normal UEs.

2.2    SIB PDCCH alternatives for LC-MTC UEs
If either option (2) or option (3) is selected from section 2.1, then there is the issue of how LC-MTC UEs will determine the resource allocation for the acquisition of the first SIB (SIB1 or a new aggregated SIB).
Normal UEs are currently required to first decode the PCFICH to determine the PDCCH format, and then blindly decode the PDCCH using the SI-RNTI, to acquire the DCI indicating the resources for SIB1.  This provides scheduling flexibility to normal systems but at the cost of requiring normal UEs to do blind detection. 

Given the amount of repetition that would be required to allow LC-MTC UEs to support PDCCH, it is desirable to simplify the SIB1 acquisition process by eliminating the PDCCH decoding process.  
Problem 2:  
How to signal to LC-MTC UEs the resource allocations for initial SIB acquisition?

Option (1)   Pre-defined rules about the location of the SIB
SIB1 has a fixed sub-band, MCS and PRB size defined within specifications.
Option (2)   Combination of pre-defined rules and new MIB configuration information
A combination of pre-defined rules (e.g. covering the MCS) and spare MIB bits are used to indicate, for example, the sub-band.
Option (3)   Use of EPDCCH for LC-MTC UEs
Use of common EDPCCH for supplying the resource locations of SIB1 and also SI, is considered inefficient in terms of signalling for messages whose sizes rarely vary.
Of the options discussed above, option (2) offers the best compromise in terms of signalling overhead and flexibility.
Proposal #3:    
LC-MTC UEs shall determine scheduling information (time, frequency and MCS) for SIB1 from a combination of predefined specification rules and additional information supplied within the MIB.  
The actual split of information between pre-defined values and MIB is FFS.
2.3    SI acquisition options for LC-MTC UEs
This section discusses alternatives for supplying SIs to LC-MTC UEs.
Preliminary RAN1 studies [4] suggest that the number of repetitions required for LC-MTC UEs to meet a 1% BLER could range from 30 to 600, depending on the TBS size and channel type.  The current range of values for SI-window, SI repetition period and SI modification period give a theoretical maximum number of repetitions of 2048 for an SI.  But given that these extreme values are not likely to be used in many networks for legacy devices, the actual maximum number of repetitions possible with current values is not likely to be sufficient for LC-MTC as per current RAN1 discussions [4].  
With the same reasoning for the different options as given in section 2.1 for SIB1:

Proposal #4:  
The network shall be able to configure new occurrences of the SIs targeted at LC-MTC UEs that co-exist with the SI occurrences that already exist for normal UEs.
Problem 3:  
How to provide LC-MTC UEs with sufficient SI repetitions?

Current specifications use a concept of SI window, SI repetition period and SI modification period.  LC-MTC UEs could apply the same SI scheduling information structure sent to it via a LC-MTC optimised SIB1.  This SI scheduling information would point to new SIs (formed from existing SIBs) optimised to meet LC-MTC UEs 6 PRB constraint.  SIB1 information could also be extended to provide LC-MTC specific SI-window, SI-repetition and SI modification period.  However, a mechanism is still needed to increase the number of repetitions of an SI.  
Currently, more SI repetitions within a modification period can be created by:
1. Shortening the SI-periodicity.
a. The current minimum defined is 80ms.
2. Increasing the number of repetitions per SI-window and increasing the length of SI window.
a. A maximum of 1 repetition per every 1ms RF can be defined for normal UEs using the PDCCH. So the current SI window maximum length of 40ms does not provide sufficient repetitions.  
The above solution is based on a number of assumptions:

1. The LC-MTC UE will be capable of accumulating SI repetitions across consecutive but discontinuous SI-window periods.
2. The LC-MTC UE can buffer SI repetitions across discontinuous SI-window periods without restricting its ability to listen to other data (such as DL traffic, paging information) during the gaps in SI windows.
3. The LC-MTC UE knows where the SI repetitions are without needing to decode the PDCCH. This is the discussed in section 2.4.
4. Within SIB1, there is additional information to indicate the frequency location and number repetitions of SIs. (see section 2.4)
If points 1 and 2 are not valid (to be confirmed by RAN1), then one option is to send all the necessary repetitions needed for LC-MTC within one larger SI window per SI, in a BCCH-modification period.  This avoids the need for accumulation of SI across SI windows and the inter-leaving of SI and other data.
From the above option analysis, the following proposal and discussion points are raised.
Proposal #5:  
The network shall be able to configure additional longer SI-windows targeted at LC-MTC UEs that contain combinations and repetitions of SIBs optimized to meet the requirements of LC-MTC UEs.  
Proposal #6:    
RAN1 is requested to confirm if LC-MTC UE can buffer SI repetitions across discontinuous SI-window periods without restricting its ability to listen to other data (such as DL traffic, paging information) during the gaps in SI windows.
Proposal #7: 
If an accumulation of repetitions across discontinuous SI window is not possible, it is proposed to use just one SI window per SI in a BCCH modification period and include all the repetitions for that SI needed for LC-MTC in its one SI window
Depending on the number of repetitions needed (as identified by RAN1), even with the additional repetitions discussed above, it may still not be possible to complete acquisition of both SIB1 and SIs within a modification period.   For example consider the following scenario:
· BCCH modification period = 2048 ms

· The LTE UE is required to read SIB1 and three SIs

· Given the UE’s location, the UE requires 300 repetitions of SIB1 and each of the three SIs.

In this scenario, even if the UE started accumulating repetitions at the start of the modification period, it would have only around 500ms to acquire sufficient repetitions of SIB1 and each of the three SIs.  This would imply a repetition rate of roughly 1 repetition per ms if the BCCH modification period remains unchanged for LC-MTC UEs.
Since we are defining new SI parameters and occurrences for LC-MTC, it is also proposed to define an extended BCCH modification period for LC-MTC.

Proposal #8:  
RAN2 is requested to consider to define a LC-MTC UE specific extended BCCH modification period. 
2.4    SI-window PDCCH alternatives for LC-MTC UEs

This section discusses alternatives to using PDCCH for determining repetitions of SIs within a SI-window for LC-MTC UEs. 
Within an SI-window normal UEs are currently required to blindly decode the PDCCH, using the SI-RNTI, to acquire the DCI indicating the resources used for SI.  This provides scheduling flexibility to normal systems but at the cost of requiring normal UEs to do blind detection.
Given the amount of repetition that would be required to allow LC-MTC UEs to support PDCCH, it is desirable to reduce the overhead of PDCCH for the SI acquisition process.  
Problem 4:  
How to signal to LC-MTC UEs the resource allocations for SIs?
Option (1)   Pre-defined rules about the location of the SI
SIs would have fixed locations in the time and frequency domain.

Option (2)   Combination of extensions to SIB1 SI-scheduling-information and fixed rules
The SIB1 SI-scheduling-information list would be reused in combination with new extensions and fixed rules to define the SI frequency sub-bands and repetitions.

Option (3)   Use of EPDCCH for LC-MTC UEs
Use of an EDPCCH for supplying the resource locations of SIs, is considered inefficient in terms of signalling for messages whose sizes rarely vary.
Of the options discussed above, option (2) offers the best compromise in terms of signalling overhead and flexibility.

Proposal #9:  
RAN2 is requested to discuss use of a combination SI-scheduling-information in SIB1 and fixed rules to support SI for LC-MTC UEs.
3. Conclusion
Based on the analyses and discussions in this contribution, we recommend RAN2 to discuss the SIB transmission proposals listed below. 
References made to LC-MTC UEs in this document refer to both the coverage enhanced and non-coverage enhanced types of LC-MTC UEs.
Proposal #1:    
LC-MTC UEs shall be allowed to accumulate repetitions of  SIB1 across multiple 80ms periods within the BCCH modification period.

Proposal #2:  
The network shall be able to configure new occurrences of the SIB1 targeted at LC-MTC UEs that co-exist with the SIB1 occurrences that already exist for normal UEs.

Proposal #3:    
LC-MTC UEs shall determine scheduling information (time, frequency and MCS) for SIB1 from a combination of predefined specification rules and additional information supplied within the MIB.
The actual split of information between pre-defined values and MIB is FFS.  
Proposal #4:  
The network shall be able to configure new occurrences of the SIs targeted at LC-MTC UEs that co-exist with the SI occurrences that already exist for normal UEs.

Proposal #5:  
The network shall be able to configure additional longer SI-windows targeted at LC-MTC UEs that contain combinations and repetitions of SIBs optimized to meet the requirements of LC-MTC UEs.  

Proposal #6:    
RAN1 is requested to confirm if LC-MTC UE can buffer SI repetitions across discontinuous SI-window periods without restricting its ability to listen to other data (such as DL traffic, paging information) during the gaps in SI windows.

Proposal #7: 
If an accumulation of repetitions across discontinuous SI window is not possible, it is proposed to use just one SI window per SI in a BCCH modification period and include all the repetitions for that SI needed for LC-MTC in its one SI window
Proposal #8:  
RAN2 is requested to consider to define a LC-MTC UE specific extended BCCH modification period. 

Proposal #9:  
RAN2 is requested to discuss use of a combination SI-scheduling-information in SIB1 and fixed rules to support SI for LC-MTC UEs 
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