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1 Introduction

RAN1 has been studying methods to improve coverage for UEs [1]. Methods for improving SIB reception have been proposed which generally involve creating new compressed SIB messages [4] or combining the legacy SIB [3]. The former [4] proposed mechanisms achieve the improved coverage mainly at the expense of increased system overhead. The latter [3] proposes legacy SIBs can be combined but may take a long time to decode e.g. 2.4 seconds [2].
This contribution includes:
A brief description of a mechanism to improve coverage for decoding SIBs based on combining legacy SIBs outlined in [3] 
A discussion on SIB decoding time considerations

A discussion on SIB change considerations 

A discussion on DCI message reception considerations
Proposals for  RAN2 to focus study on a subset of possible solutions

2 Background
Currently, SIB 1 is transmitted every 20ms (every 80ms with four repetitions within this time). The DCI message has to be received in order for a UE to know the timing, the position in the frequency band, the duration in terms of the number of PRBs assigned to SIB1 and the modulation and coding used. These details are dynamic, and therefore DCI reception is a prerequisite to finding and decoding SIB1.

3 Combining Legacy SIB Discussion
One method for enhancing coverage of SIB1 is to combine reception over many copies. In [2] it shows that combining 120 copies of SIB 1 would give the required 15 dB of coverage extension. 

3.1 SIB Decoding Time Considerations

Gathering 120 copies of SIB1 in order to receive it in enhanced coverage carries no penalty in system efficiency however there will be a delay in reception. A target time for MIB+SIB reception of not more than between 2-10 seconds has been proposed as a limit [3].Gathering 120 copies of SIB1 at the normal transmission interval of 20ms will take 2.4 seconds. The lower end of that range (i.e. 2 seconds) cannot be met by only combining the legacy SIBs thus more copies of SIB1 would need to be transmitted.  For example, if SIB1 is to be decoded within 600ms then SIB1 will need to be sent every 5ms, a four times increase in its frequency of transmission. This obviously carries a penalty in system efficiency.

Observation 1: In order to decode SIB1 in < 2.4 seconds by combing of legacy SIB1 transmissions, SIB1 need to be sent faster than every 20ms. 
Proposal 1: It is proposed that RAN2 study how to support different SIB decoding times possible through the use of increasing the frequency of SIB transmissions.
3.2 SIB Changes Considerations

The UE can only successfully combine SIBs (and the associated DCI) if they have not changed during the combining period. One solution to this would be to more strictly restrict when the SIB1 (and associated DCI) content may change. This would avoid additional SIB 1 reception delay in a case that a UE starts to combine the copies only to have the DCI or SIB content change before the 120 copies have been accumulated. 

This could be accommodated by specifying that SIBs (and associated DCI msgs) changes will occur only on a known SFN schedule, such as modulo SFN count.
Observation 2: A mechanism will be required to indicate to a UE when SIBs (and associated DCI) may change.

Proposal 2: RAN2 should study how changes to the SIB1 and DCI information may be restricted.
3.3 DCI Reception Considerations
In order to combine copies of SIBs, the UE would need to have the information in the DCI msg for each of the e.g. 120 SIB1 transmissions. Given that many copies (e.g. 120) of each DCI message would need to be sent for decoding in coverage enhancement mode, it would not be practical to do this given the dynamic nature of the DCI. The dynamic nature of the information carried in the DCI is also a problem for allowing copies to be combined.
Solution #1 – Constrained DCI
The UE could decode the DCI through combining (e.g. 120) copies, if the DCI content is static and location (in frequency and time) is known a priori to the UE. This method requires two steps, decode the DCI and then decode SIB1. This solution will require the location of the SIBs to not change. 
Solution #2 – Decoding SIB Without DCI
This solution does not require the UE to decode the SIB1’s DCI message but the information within still needs to be determined by the UE somehow. Below are possible ways the UE can get this information:
To get the location (in frequency) of SIB1, it is proposed to restrict scheduling of SIB1 so that a UE will know a priori where the SIB1 messages are and thus in coverage extension mode may combine them. 
The following methods, or a combination of them, could be used to get the remaining SIB1 DCI:

· Reduced DCI Options: Reducing the number of options for SIB1 would reduce the blind decoding options and thus demands on the UE.  

· Add DCI to MIB: The spare bits within the MIB could be assigned to indicate the SIB’s DCI. The MIB could also include an indication if eNB is sending SIB transmissions more frequently.
· Blind Decoding: The UE could perform blind decoding on different possible combinations of DCI. 

Blind decoding should be avoided as it will add to the cost of low-cost UEs.
This method would take half as long to achieve SIB1 reception as the “Constrained DCI” solution because multiple copies of the DCI message would not need to be decoded. 
Observation 3: The SIB can be decoded faster if the DCI does not need to be decoded.

Proposal 3: RAN2 focus study on a SIB coverage enhancement solution using legacy SIBs without needing to decode the DCI message.

Not using DCI also effectively yields better efficiency because fewer copies of the DCI and SIB would need to be sent to achieve the same acquisition time.  Using the example above where 600ms is allowed for SIB1 reception, if the DCI needs to be received before the SIB1 then 120 copies of DCI will be needed within 300ms and the 120 copies of SIB1 will then be needed within the following 300ms. Both DCI and SIB1 will need to be sent simultaneously because no reception timing alignment is possible. This is a doubling of the number of SIB1 copies in each 600ms compared to the previous example, to eight times the normal frequency. In addition to this there is the additional need to send 240 DCI messages within the same 600ms. If DCI is not required for coverage enhancement there would be no increase in the number of DCI messages. In total, the “Constrain DCI” method will use more than 2 times the system resources compared to the “Decoding SIB Without DCI” method, for the same acquisition time.
Observation 4: In total, the “Constrain DCI” method will use more than 2 times the system resources compared to the “Decoding SIB Without DCI” method, for the same acquisition time. 
Proposal 4: It is proposed that RAN2 study if a reduction in DCI options is acceptable and if the MIB spare bits could be used to indicate the DCI information such that UE would not need to decode the DCI message. 
3.4 Decoding other SIBs:

IEs could be added to SIB1 to indicate the DCI necessary for reception of other SIBs. This would require the UE to first decode SIB1, then the UE could decode the other legacy SIBs in parallel.  A UE in coverage extension mode would likely only need to receive SIBs 1, 2, 14. Since SIB 1 is required to remain unchanged for a time, then this implies that the other SIBs indicated by SIB 1 will not be able to change any more frequently.
4
Conclusions

Observation 1: To decode SIB1 in < 2.4 seconds by combing of legacy SIB1, SIB1 need to be sent faster than every 20ms. 
Proposal 1: It is proposed that RAN2 study how to support different SIB decoding times possible through the use of increasing the frequency of SIB transmissions.

Observation 2: A mechanism will be required to indicate to a UE when SIBs (and associated DCI) may change.

Proposal 2: RAN2 should study how changes to the SIB1 and DCI information may be restricted.

Observation 3: The SIB can be decoded faster if the DCI does not need to be decoded.

Proposal 3: RAN2 focus study on a SIB coverage enhancement solution using legacy SIBs without needing to decode the DCI message.

Observation 4: In total, the “Constrain DCI” method will use more than 2 times the system resources compared to the “Decoding SIB Without DCI” method, for the same acquisition time. 
Proposal 4: It is proposed that RAN2 study if a reduction in DCI options is acceptable and if the MIB spare bits could be used to indicate the DCI information such that UE would not need to decode the DCI message. 
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