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1 Introduction

During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([2]) was approved.   One objective of this work item is to provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage:
· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.
In RAN1 #74bis meeting, agreements on PBCH as achieved as below:

“Possible observations:

RAN1 evaluated alternatives on the SIB coverage enhancement design
· Alt1: Re-use legacy SIBs at least for SIB1/2/14

· Alt 1a: Aggregation within SIB modification period w/o additional repetition
· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.

· An extended pre-defined accumulation period may be considered. e.g., set “modification period” to a larger value

· Alt 1b: Aggregation with additional SIB repetition(s) 

· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.

· Additional resources are used to enhance legacy SIBs transmission with repetition of SIBs. 

· PDCCH repetition is required if SIBs is scheduled by PDCCH

· FFS whether aggregation should be done only among the new addition SIBs

· FFS whether additional content or SIB is needed for coverage enhancement UEs 

· Alt 2: new SIB for MTC coverage improvement
· All necessary system information for initial access of MTC UEs (e.g., necessary contents carried in SIB1/2/14) may be merged into the new SIB.

· The new SIB may be indicated by corresponding PDCCH or MIB or transmitted on predefined resources without any PDCCH indication.

· The benefit of Alt2 compared to Alt1 would depend on how much reduction can be achieved in terms of payload sizes, latency and/or the number of SIBs to be enhanced.”
In this contribution, we analyze the potential SIB coverage enhancement solutions for the new UE category MTE UEs and other UEs operating delay tolerant MTC applications.
2 SIB Coverage enhancement techniques

Besides MIB carried by PBCH, System information also includes a number of SIBs transmitted on PDSCH and scheduled by (e)PDCCH.
SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SIB1 is scheduled in subframe 5 of radio frames for which the SFN %  8 = 0, and repetitions are scheduled in subframe 5 of all other radio frames for which SFN mod 2 = 0 as shown in Figure 2.
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Figure 2 SIB1 transmission
SIBs other than SIB1 are carried in SI messages and mapping of SIBs to SI messages is flexibly configurable in SIB1. Each SIB is contained only in a single SI message, only SIBs having the same periodicity can be mapped to the same SI message. There may be multiple SI messages transmitted with the same periodicity. The SI messages are transmitted within periodically occurring SI-windows using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. Within one SI-window only the corresponding SI is transmitted. Within the SI-window, the corresponding SI message can be transmitted a number of times in any downlink subframe other than MBSFN subframes and subframes occupied by SIB1. The UE acquires the detailed time-domain scheduling (and other information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH. The length of the SI-window is common for all SI messages. SIB1 configures the SI-window length and the transmission periodicity for the SI messages. System information may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. 
Legacy SIB transmission based coverage enhancement and new MTC SIB design are two different ways to improve the SIB transmission performance for MTC UEs. Legacy SIB transmission based coverage enhancement solutions have small specification impact, but system configuration for legacy UEs may be limited.  If new SIB design is used for coverage enhancement of SIB transmission for MTC UEs, it will bring specification impact and the additional overhead may be relatively large. The benefit of new SIB design is system configuration for legacy UEs would not be affected.
2.1 Coverage enhancement based on legacy SIBs reuse
Considering legacy SIB transmission based coverage enhancement, reusing legacy SIBs at least for SIB1 and SIB2 could be considered. There may be two potential SIB coverage enhancement solutions based on legacy SIBs reuse.
· Option 1: without additional repetitions, implementation related solutions 
· Option 2: with additional SIBs repetitions
Note: For Option 1 and Option 2, there may have a need to introduce new system information field/block for MTC UEs operating in “enhanced coverage mode”.
2.1.1 Analysis on implementation related solutions
If MTC UEs with coverage enhancement requirement share the same SIBs with legacy UEs, considering system information with the same content may be transmitted a number of times within a modification period, MTC UEs may combine and decode the received system information with the same content. 

In order to improve the coverage performance of system information for MTC UEs, implementation related method as below may be considered:

· set “modification period” to  a larger value (e.g., 1024 radio frame)

· configure “SI-window” to a larger value (e.g., 20ms or 40ms)

· eNB increases the scheduling times of SIB transmission within a modification period.

· set “SI periodicity” of corresponding SI messages to 8 radio frames
· within an SI-window, schedule the transmission times of corresponding SI messages as most as possible

However, UE needs to successfully acquire the detailed information of time-domain scheduling, frequency-domain scheduling and transport format carried by PDCCH before decoding system information carried by PDSCH. For SIB1, corresponding DCI contents (including frequency-domain scheduling and transport format) carried on PDCCH are required to keep unchanged within a modification period for the MTC UEs to successfully decode the PDCCH. In this case, the frequency location of SIB1 transmission should be in predefined manner. For SIB2 and possible SIB14 needed by MTC UEs in “enhanced coverage mode”, only when the detailed scheduling contents (including time-domain scheduling, frequency-domain scheduling and transport format) carried on corresponding PDCCH are the same, MTC UEs may have the ability to combine the received PDCCH transmitted in SI-windows with predefined periodicity. It is impossible to keep time-domain scheduling information in PDCCH unchanged unless if time-domain location of SIB2 and possible SIB14 in each SI-window can be predefined. The scheduling flexibility of SIBs transmission would be restricted if MTC UEs operating in “enhanced coverage mode” share the same SIBs with legacy UEs.

According to the simulation results in [5], about 150 times repetition can achieve 14.3dB coverage enhancement gap for PDSCH. If 150 times repetition is needed for SIB decoding for MTC UEs in “enhanced coverage mode”, the decoding time would be about 20* 150 = 3000ms. For SIB2 and possible SIB14, the decoding time would be 640ms if corresponding “SI-window” is set to 40ms and “SI periodicity” is set to 16 radio frame. Since the largest modification period could be set to 4096 radio frame (i.e., 40960ms),  MTC UEs in “enhanced coverage mode” can successfully decode SIB1, SIB2 and SIB14 by implementation related solution.
2.1.2 Analysis on SIB coverage enhancement with additional SIBs repetitions
For legacy SIB(x) including essential system information for initial access for MTC UEs (e.g., SIB1, SIB2 and/or SIB14), additional repetitions of such SIBs could be used within a “modification period” to enhance SIB coverage for MTC UEs. Compared to Option 1, Option 2 (SIB coverage enhancement with additional SIBs repetition) would not modify high layer related parameters and may have shorter access latency while much more resources would be occupied for Option 2. In order to avoid resource collision between legacy SIB transmissions and the addition repetitions, the resources for additional repetitions need to be predefined. In order to combine legacy SIB(x) transmissions and corresponding additional repetitions for MTC UEs, same frequency allocation and MCS would be assumed for each SIB(x) transmission. Scheduling flexibility of such legacy SIB(x) transmission and additional repetitions would also be restricted.
Observation 1:  With some restriction on the scheduling flexibility, SIB coverage improvement target could be achieved. 
Observation 2:  Corresponding PDCCH transmission could be the bottleneck and the resources for additional repetitions need to be predefined.
Proposal 1:  For SIB coverage improvement, it is preferable to re-use legacy SIBs.
2.2 Coverage enhancement based on new (MTC-Specific) SIB design
New SIB transmission indicated by corresponding downlink control channel and new SIB transmission without indication by corresponding downlink control channel are two potential solutions.  

If new SIB transmission indicated by corresponding downlink control channel is considered, new MTC-SI RNTI would be applied for the corresponding downlink control channel.  

As discussed in 2.1, corresponding PDCCH transmission may be the bottleneck for Coverage enhancement of legacy SIB transmission. An MTC-specific SIB information transmitted on predefined multiple resources with predefined periodicity without corresponding downlink control channel (PDCCH/ePDCCH) may be considered for low cost MTC UEs. 
The new SIB contents may include all necessary system information for initial access of MTC UEs or include necessary system information for initial access excluding those already included in SIB1.
Proposal 2: New SIB design for MTC UEs can be considered only if coverage enhancement of legacy SIB transmission can’t meet the coverage requirement of MTC UEs.
3 Conclusions
In this contribution, we have analyzed and proposed the potential SIB coverage improvement for the new UE category MTE UEs and other UEs operating delay tolerant MTC applications. If MTC UEs with coverage enhancement requirement share the same SIBs with legacy UEs, the scheduling flexibility of SIBs transmission would be restricted and corresponding PDCCH may be the bottleneck for Coverage enhancement of legacy SIB transmission. An MTC-specific SIB information may be considered in order to reduce the impacts to legacy UEs. We make the following observations and proposals:
Observation 1: With some restriction on the scheduling flexibility, SIB coverage improvement target could be achieved. 
Observation 2:   Corresponding PDCCH transmission could be the bottleneck and the resources for additional repetitions need to be predefined.
Proposal 1:  For SIB coverage improvement, it is preferable to re-use legacy SIBs.
Proposal 2: New SIB design for MTC UEs can be considered only if coverage enhancement of legacy SIB transmission can’t meet the coverage requirement of MTC UEs.
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