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1 Introduction
In RAN#57, the updated SID [1] on Provision of low-cost MTC UEs was approved to investigate enabling techniques to meet up to 20dB coverage enhancement for MTC UEs compared to normal LTE UE. In RAN1#72, a set of data and control channels are decided to study further for coverage enhancement in this SI. This contribution mainly focuses on PBCH and the related initial cell setup procedure. In RAN1#72, the following observations was made related to PBCH. 

· PBCH
Observations:
· Further analysis/evaluation is needed until the next meeting for PBCH by focusing on

· Repetition/Low rate coding/Spreading

· Note that repetition only can happen during 40 msec period assuming existing MIB

· Design new PBCH and/or new contents for some or all system information 
· PSD boosting 

More specifically, this contribution discusses repetition and design new PBCH and summarizes the observations in aspects of link level performance, power consumption, specification impact, cell spectral efficiency, and cost analysis. Besides PBCH coverage issue, we also discuss the issue with SIB transmission. 
2 New PBCH design

SystemInformationBlockType0 ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},


phich-Config





PHICH-Config,


systemFrameNumber




BIT STRING (SIZE (8)),


spare







BIT STRING (SIZE (10))

bundling-start-offset



ENUMERATED {











n100, n200, n300, n400, n500, n600}

}
Figure 1. MIB Structure
As SFN information and the number of antenna ports are still required for a UE, MIB still be required before a UE can receive any successive control/data channels. The legacy PBCH is transmitted every 40msec where 4 code words are delivered over 40msec period. To enhance the coverage for PBCH, we may consider the increased number of transmission within 40msec or introduce a new PBCH for coverage-limiting UEs. If a new PBCH is introduced, to reduce the size of MIB and thus increase coding gain, unnecessary fields can be eliminated as shown in Figure 2. Additionally, the starting subframe or SFN offset where bundled PDCCH for SIB1 and SIB2 would start can be transmitted in PBCH to allow flexibility.

Either existing PBCH or a new PBCH is used, repetition of PBCH is still required to enhance the coverage of PBCH. Candidate locations where additional PBCH can be placed are OFDM symbols which are not used for PSS/SSS and PDCCH if additional PBCH is transmitted in subframe #0 in every radio frame. Or, additional PBCH can be placed in different subframe such as subframe #5 and the same OFDM symbol to the legacy PBCH (i.e., OFDM symbol 0-4 in second slot). 

The impact analysis on enhancing PBCH is as follows. 

■ Link level performance
▪More coverage gain is expected with more repetition for PBCH. By reducing the information carried in a new PBCH for coverage-limiting UEs, further coding gain can be achieved to enhance the coverage of PBCH. 

■ Power consumption
▪ Power consumption might be increased as the UE should read the larger number of PBCHs to be able to decode MIB.
■ Impact on specification 
▪ Designing a new PBCH may have considerable impacts on RAN1 specification. If the content of PBCH changes (such as reduced information or combined MIB and SIB information), some impact on RAN2 specification is expected as well. 

■ Cell spectral efficiency
▪ As a PBCH uses four OFDM symbols within 6 PRBs every 10msec, the overall overhead is not significant. Assuming 10 MHz system bandwidth, the overhead of PBCH is less than 0.015%, thus repetition of PBCHs may not significantly degrade the spectral efficiency. Moreover, the additional PBCH or new PBCH for coverage limiting UEs can be transmitted with very low frequency (e.g., 5 minutes per day), thus overall spectral efficiency degradation would not be significant. 
■ Cost analysis
▪ Additional hardware is not expected to be able to decode repeated or new PBCH. Thus, cost may not be impacted.
3 Cell Selection and Connection Procedure
When a UE is in RRC_Idle (or initial setup), the first thing a UE may perform is to select a cell to camp on. Cell selection procedure described in TS 36.300 [2] is as follows:
-
The UE NAS identifies a selected PLMN and equivalent PLMNs;

-
The UE searches the E-UTRA frequency bands and for each carrier frequency identifies the strongest cell. It reads cell system information broadcast to identify its PLMN(s):

-
The UE may search each carrier in turn (“initial cell selection”) or make use of stored information to shorten the search (“stored information cell selection”).

-
The UE seeks to identify a suitable cell; if it is not able to identify a suitable cell it seeks to identify an acceptable cell. When a suitable cell is found or if only an acceptable cell is found it camps on that cell and commence the cell reselection procedure:

-
A suitable cell is one for which the measured cell attributes satisfy the cell selection criteria; the cell PLMN is the selected PLMN, registered or an equivalent PLMN; the cell is not barred or reserved and the cell is not part of a tracking area which is in the list of “forbidden tracking areas for roaming”;

-
An acceptable cell is one for which the measured cell attributes satisfy the cell selection criteria and the cell is not barred;

According to TS 36.331 [3], a UE in RRC_IDLE mode requires acquiring MIB and SIB 1 to 8, and a UE in RRC_CONNECTED mode requires acquiring MIB, SIB1 and SIB2 for a target cell. Before a UE is able to transmit a PRACH to initiate setup procedure, it should acquire at least MIB, SIB1 and SIB2. Once an eNB receives a PRACH from a coverage-limiting UE, it would be able to identify whether the UE requires coverage enhancement or not. However, before receiving a PRACH, eNB may not be aware of the existence of coverage-limiting UEs in the service region. To support potential coverage-limiting UEs, the eNB may have to blindly transmit enhanced MIB, SIB1 and SIB2 without knowledge of the presence of coverage limiting UEs. The design of enhanced MIB, SIB1 and SIB2 thus should be efficient in terms of overhead and also minimize the impact on legacy UEs. 
To allow efficient coverage-limiting UE operation, designing a new PBCH with necessary information would be desirable than a simple repetition of legacy PBCH. Besides basic information MIB shall carry such as SFN, MIB also needs to carry the necessary information about SIB1 and SIB2. One example is a starting radio frame offset of SIB where TTI bundling of a SIB1 or SIB2 can be started only at certain SFNs determined by the offset.

Except for MIB, all higher layer data including SIB1 and SIB2 are delivered via PDSCH where PDSCH requires preceding (E)PDCCH except for SPS PDSCH. To enhance 20dB for a PDSCH and PDCCH, it is expected that a form of TTI bundling is needed as the usable resource within a TTI is limited to a coverage-limiting MTC UE (e.g., 6 PRB per TTI) unless the number of information bits is extremely small (so that coding gain may achieve 20dB gain). Reviewing the current SIB1 design, the total size of SIB1 is around 130bits if only mandatory fields are counted (and thus actual size could be much larger than 130bits). As the size is comparable to expected MTC traffic, the same amount of repetition to deliver a MTC data would be expected for SIB1 (i.e., 100 ~ 300 times repetition). Similarly, SIB2 transmission would require a large number of repetitions as well. As SIB1 and SIB2 are assumed to be obsolete after 3 hours, a coverage-limiting UE may have to renew its system information before starting data transaction if a MTC UE becomes active only a few minutes or hours per day. It is shown in below that due to channel estimation inaccuracy at low SINR range more than 300 times of bundling may be required to achieve 20dB gain. Thus, receiving SIB1/SIB2 may take more than 500msec. Unless all MTC UEs wake up at the same time and be active, eNB may have to transmit these bundled SIBs periodically where easily the overhead of SIB transmission becomes more than 50% (assuming 1second periodicity). Furthermore, the overhead of SIB transmission would be proportionally increased with the number of SIBs that UE shall read.
SystemInformationBlockType1 ::=

SEQUENCE {


cellAccessRelatedInfo



SEQUENCE {



plmn-IdentityList




PLMN-IdentityList, 


trackingAreaCode




TrackingAreaCode, 


cellIdentity





CellIdentity,


cellBarred






ENUMERATED {barred, notBarred},


intraFreqReselection



ENUMERATED {allowed, notAllowed},



csg-Indication





BOOLEAN,



csg-Identity





CSG-Identity


OPTIONAL
-- Need OR


},


cellSelectionInfo




SEQUENCE {



q-RxLevMin






Q-RxLevMin,


q-RxLevMinOffset




INTEGER (1..8)


OPTIONAL
-- Need OP


},


p-Max







P-Max





OPTIONAL,


-- Need OP


freqBandIndicator




FreqBandIndicator,

schedulingInfoList




SchedulingInfoList,


tdd-Config






TDD-Config




OPTIONAL,
-- Cond TDD


si-WindowLength





ENUMERATED {











ms1, ms2, ms5, ms10, ms15, ms20,












ms40},


systemInfoValueTag




INTEGER (0..31),


nonCriticalExtension



SystemInformationBlockType1-v890-IEs




OPTIONAL

}

Figure 2. SIB1 Information

There are two approaches considered to address SIB1 and SIB2 reception: (1) to increase the acquisition time of SIB1 and SIB2 (2) to transmit new SIB1 and SIB2 for a coverage limiting UE. 

As SIB1 is transmitted at 5th, 25th subframe every 80msec window, if first approach is used and the number of necessary TTI bundling is 200, then it will require around 8000msec receiving SIB1 successfully. The issue with this approach though is that it still requires handling of PDCCH per each PDSCH at 5th, 25th subframe every 80msec. Thus, additional bundling for PDCCH may be needed which may require new design of PDCCH for SIB1 and SIB2 for a coverage limiting UE. 
Therefore, it would make sense to consider new SIB1 and SIB2 transmission for a coverage limiting MTC UE as a whole rather than reusing the current SIB1 and SIB2 transmission. And the actual transmission of these new SIBs can be scheduled when MTC traffic is expected (for example, over off-peak duration) to minimize the impact on legacy UEs. The design of new SIB1 and SIB2 shall consider two aspects – (1) reduce the number of SIBs required (2) reduce the size of SIB by pre-configuration or removing unnecessary configurations. The issue of handling bundled PDCCH and PDSCH are discussed in detail in Sec 4.
Note that higher layer consideration of large latency and high overhead to read SIBs may be necessary (such as adaptation of timers or any necessary change in timeout and connection procedure). 
4 Higher Layer (RRC) Configuration

For a coverage-limiting UE, transmission of data/control channel incurs high latency and overhead. Thus, in general, it is desirable to transmit absolutely needed information only and minimize the unnecessary data exchange. RRC configuration and reconfiguration shall be performed very efficiently. RRC reconfiguration should consider the long latency (round-trip delay of >500msec if bundling is used) and high overhead. As the latency becomes longer, the RRC ambiguity issue may become more important. It is also necessary to define a gap or timing when the new RRC parameters become effective. Desirably, none or very minimal RRC configuration/reconfiguration would be expected where a coverage limiting UE shall have a list of default RRC parameters until RRC parameters are reconfigured. When RRC reconfiguration occurs, similar to SIB transmission, the amount of RRC reconfiguration should be minimized. 
5 Conclusion

This contribution discusses transmission of MIB, SIB1 and SIB2 for a coverage limiting UE where those would require coverage enhancement as well. Since they are delivered without knowledge of the presence of coverage limiting UEs, the overhead and impact on legacy UEs shall be minimized. For that, we propose TTI bundling for new SIB1 and SIB2 with condensed information where the period of transmission becomes much larger than 80msec. 

Moreover, this contribution reviews the issue with RRC configuration and suggests minimal RRC reconfiguration for coverage-limiting UEs. 
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