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1 Introduction

At the previous RAN1 meetings, several contributions have been presented outlining methods to improve coverage [1] for decoding SIBs which generally involve creating new compressed SIB messages and sending them at a higher repetition rate.  In addition, other contributions have been presented outlining methods to improve coverage for PDCCH and PDSCH which can also be utilized to improve coverage for decoding of SIB messages. Although these approaches will result in the required coverage gain, these mechanisms do so mainly at the expense of increased system overhead and reduced spectral efficiency. Since some SIBs (i.e. SIB1 and 2) are required to be decoded before a UE can send a PRACH message indicating its coverage requirements to the eNB, there is no way for the eNB to know when to enable these SIB coverage enhancement mechanisms, thus the eNB must constantly use them. This is in contrast to transmissions targeted to specific UEs where the PDCCH and PDSCH coverage enhancement mechanisms would only be used for UEs requiring additional coverage. Given this contrast, spectral efficiency is a much bigger concern for SIBs coverage enhancement mechanisms than it is for UE targeted transmission via the PDCCH and the PDSCH coverage enhancement mechanisms. 
This contribution includes:
One possible mechanism to improve coverage for decoding SIBs based on restricting SIB scheduling flexibility which has minimal spectral efficiency degradation.
Proposed text for TR36.888 suggesting:  Although SIB decoding can utilize the coverage improvement mechanisms for the PDCCH and PDSCH, due to the broadcast characteristics of SIBs, different mechanisms should be studied to minimize spectral efficiency degradation.
Summarized conclusions

2 SIB Restricted Scheduling Mechanism
2.1 Background 
General information transmitted in the SIBs:
· SIB 1: Cell access related parameters and scheduling

· SIB 2: Common and shared channel configuration

· SIB 3: Parameters required for intra-frequency cell reselections

· SIB 4: Information on intra-frequency neighbouring cells

· SIB 5: Information on inter-frequency neighbouring cells

· SIB 6: Information for reselection to UMTS (UTRAN) cells 

· SIB 7: Information for reselection to GSM (GERAN) cells 

· SIB 8: Information for reselection to CDMA2000 systems

· SIB 9: Home eNodeB name 

· SIB 10 + 11: ETWS (Earthquake and Tsunami Warning System) information

· SIB 12: Commercial Mobile Alerting System (CMAS) information. 

· SIB 13: information to acquire the MBMS control information
· SIB 14: contains the EAB parameters.
· SIB 15: contains the MBMS Service Area Identities (SAI)
· SIB 16: contains information related to GPS time and Coordinated Universal Time
SIB1 and SIB2 are required to be received before a UE can transmit on PRACH. In general, SIB1 & 2 contains static information (i.e., info changes very infrequently).

SIB1 is scheduled differently than all the other SIBs.  Scheduling of SIB1:

· SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms (i.e. no SI windowing is used)

· The first transmission of SIB1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.

· DCI (DL grant) for SIB1 is scheduled within the UE’s common PDCCH search space.  The DCI mainly defines the location of the PRB and the Itbs.  The PRBs may be located anywhere within the band (i.e. not necessarily in the center).
Scheduling of other SIBs (also called SI messages) (i.e. SIB2-12)
The time-domain scheduling of the SI messages is flexible with the scheduling parameters given within SIB1 which includes si-Periodicity (period in terms of radio frames) and si-WindowLength (range in ms where SI messages need to transmitted) (see [2] TS 36.331 Chapter 6.2 for more details).
DCI (DL grant) for SI messages are scheduled within the UE’s common PDCCH search space.  
2.2 SIB Fixed Scheduling Mechanism Description

If the UE knows a priori the following items, the UE could then coherently combine the repeated SIBs: 
The SIB transmission schedule (sub-frame # and PRB locations within the band),
The SIB PDSCH coding rate (e.g. ITBS)  , and
The # of PRBs used by the SIB 
This allows the UE to slowly accumulate the SIBs energy over time by coherently combining the repeated SIB messages since the SIB messages do not change frequently. The UE would not need to decode the PDCCH because it knows a priori all the information that would normally be provided in the DCI message.
It is expected that an MTC UE will not need to receive all the SIBs (e.g. SIB1 and SIB2 only) so the above restrictions only need to be applied to critically needed SIBs. 

This solution will be backward compatible since fixing the scheduling, MCS, and coding rate will be transparent to older UEs. 

The SIB transmission periodicity doesn’t have to be increased to obtain better coverage, so the loss in spectral efficiency is minimal. For example, to obtain 20 dB of coverage improvement, the UE would coherently combine ~100 copies of SIB1 which would take ~2 seconds (i.e. SIB1 is repeated every 20ms). 
Due to the additional scheduling restrictions, the eNB may, on rare circumstances, have to postpone a UE’s DL transmission so additional latency may result due to this scheduling restriction but there is no increase in overhead or decrease in spectral efficiency due to the scheduling restrictions.  
Since the size of the SIB messages can vary from system to system (e.g. due to the size of the plmn-IdentityList), the number of PRBs used (NPRB) and code rate matching (i.e. ITBS) can vary and the UE needs to know this information to be able to combine the SIBs. There are several solutions to this problem. One possible solution is to restrict SIB1 to a small set of ITBS and NPRB and have the UE do blind decoding on that subset. The SIB1 could then include a new IE indicating the ITBS and NPRB for SIB2.  Restricting the set of ITBS and NPRB for SIB1could marginally increase overhead by at most one PRB due to the loss of rate matching.  

Example worst case overhead calculation:

Use case conditions:

· SIB1 size is 300 bits

· Normal UEs need SIB1 sent with ITBS = 5 for coverage

· Low Coverage UEs need 100x repeats with ITBS =5 and require decoding in 2 seconds

Overhead calculation using repetition

· The 300 bit SIB1 is encoded with ITBS =5 and used 4 PRBS

· SIB1 is normally repeated every 20ms which is 100 times in 2 seconds

· To achieve coverage with repetition, the SIB1 would be repeated an extra 100 times in 2 seconds 

· Thus the overhead is 100/100 or 100% 

Overhead calculation using scheduling restrictions mechanism with ITBS fixed at 4 

The 300 bit SIB1 is encoded with ITBS =4 and uses 5 PRBS (1 more PRB than ITBS=5)
Overhead is 1/4 PRBs = 25% but more coverage is provided than with repetition (i.e. with ITBS =5) so the overhead is really lower than this. 
The UE’s complexity should not increase due to the SIB blind decoding mechanism as long as the required number of PRBs decodes to do the blind SIB1 decoding does not exceed the UE’s normal PDSCH PRB decoding requirements to meet the DL throughput requirements. For example a, CAT1 UE must be able decode >13 PRBs [3] every 1ms or 13*20=260 decodes every 20ms to achieve the required DL data rate of 10 Mbps [3].  If eight blind SIB decoding options are required (e.g.  NPRB =2,3,4,5,6,8,10, and 12) then the blind SIB decoding will require 40 SIB decodes every 20ms which is much less than the 260 decodes supported by a CAT 1 device. 
3 Proposed text for TR36.888

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

9.3
Required system functionality

Required system functionality for MTC UEs in enhanced coverage mode is assumed to include functionality needed for synchronisation, cell search, power control, random access procedure, channel estimation, measurement reporting and DL/UL data transmission (including DL/UL resource allocation).

Channels and signals associated with Multimedia broadcast services and location services are not included in the initial phase of study and are excluded from the analysis for coverage improvement. 

A MTC user who moves around is unlikely to be out of coverage for long. The study target of coverage improvement is primarily for delay tolerant low cost MTC devices which are not mobile. Detailed analysis/evaluation of mobility procedures are excluded from the analysis in this TR 
System functionality requirements for large delay tolerant MTC UEs requiring enhanced coverage may be relaxed or simplified in comparison to that required by normal LTE UEs. Channels associated with such system functionality can then be excluded from detailed analysis/evaluation for study of coverage improvement. 

HARQ Ack/Nack for PUSCH transmission is carried by PHICH. Dependent on the technique(s) for coverage improvement PHICH channel may or may not be required. Control Format Indicator (CFI) in PCFICH is transmitted in each subframe and indicates the number of OFDM symbols used for transmission of control channel information. With some additional complexity in UE (e.g. decoding of control channel with different CFI or pre-configuration of CFI) need for PCFICH channel may be eliminated. Techniques for coverage improvement for PHICH and PCFICH are excluded from analysis in this TR.

Although SIB decoding can utilize the coverage improvement mechanisms for the PDCCH and PDSCH, due to the broadcast characteristics of SIBs, different mechanisms should be studied to minimize spectral efficiency degradation such as restricting SIB scheduling options.
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

4 Conclusions

Conclusion 1: Since SIBs need to be constantly broadcasted, SIB coverage improvement mechanisms which substantially increase overhead should be avoided. 
Conclusion 2: Although SIB decoding can utilize the coverage improvement mechanisms for the PDCCH and PDSCH, due to its broadcast characteristics additional mechanisms which minimize spectral efficiency degradation should be further studied. 

Conclusion 3: A SIB decoding mechanism where SIB scheduling is restricted to known times and locations will allow the UEs to coherently combine energy and thus improve coverage. 

Conclusion 3.1:  Restrictive SIB scheduling will be backward compatible with legacy UEs.

Conclusion 3.2:  Restrictive SIB scheduling SIB decoding time will increase roughly proportionally to the required coverage gain required (e.g. a 20 dB coverage improvement will require ~100x longer to decode the SIB)
Conclusion 3.3:  Restrictive SIB scheduling will increase power consumption due to the increase in SIB decoding time. 
Conclusion 3.4:  Restrictive SIB scheduling will reduce eNB scheduling flexibility and thus increase latency
Conclusion 3.5:  Restrictive SIB scheduling will result in only minor spectral efficiency degradation. 
Conclusion 3.6:  Restrictive SIB scheduling should not increase UE complexity from a CAT1 UE. 
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