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1 Introduction

In RAN1#72bis meeting, possible solutions for PDSCH coverage enhancement for MTC UEs were agreed as follows [1],

Agreements:
· The coverage requirements for PDSCH can be met by time domain repetition

· Cross-subframe channel estimation requires less number of repetition times than single-subfame channel estimation
· RS power boosting and/or increased  RS density may further improve the channel estimation performance
· PSD boosting for PDSCH can help to improve the coverage
Higher layer data such as SIB and RRC signal are delivered via PDSCH. So, above schemes for PDSCH would be also applied to coverage improvement of SIB and RRC signal. In this contribution, we discuss about further issues and solutions for coverage enhancements mainly focused on higher layer aspects such as SIB and RRC signaling.
2 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. 

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 achieve the minimum required SINR for a PDSCH and PDCCH, time-domain repetition would be 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). According to the evaluation result for PDSCH coverage improvement [4], 100-200 times repetition is required to transmit data with 152 bits via 6RB PDSCH. As the size is comparable to expected MTC traffic, the similar amount of repetition to deliver a MTC data would be expected for SIB1. 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. When the required repetition times for PDSCH transmission is 200, receiving SIB1/SIB2 may take almost 500 subframes. Furthermore, the overhead of SIB transmission would be proportionally increased with the number of SIBs that UE shall read.
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OPTIONAL
-- Need OR
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OPTIONAL,
-- Cond TDD
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SystemInformationBlockType1-v890-IEs




OPTIONAL

}

Figure 1. 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. This long reception period would be a big burden to both of eNB and MTC UE. Furthermore, it may be asked whether the contents of SIB1 would not be changed during this period. 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. 

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). 

3 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. 
4 Conclusion

This contribution discusses transmission of 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.
Moreover, this contribution reviews the issue with RRC configuration and suggests minimal RRC reconfiguration (with minimized information) for coverage-limiting UEs. 
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