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1. Introduction

In RAN#60 meeting, in order for support and provision of the MTC UEs equipping low cost features and requiring enhanced coverage under the LTE deployment, an MTC work item was finally approved with consideration of the following WID [1]. 

	· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

· 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 this contribution, we address and discuss some consideration points on the support of coverage enhancement for the MTC UEs mainly focusing on the procedure for initial set-up and initial access.
2. Initial procedure for coverage enhancement of MTC UEs
According to the WID above, specific scheme/procedure for the support of coverage enhancement on individual channels/signals (e.g. PSS/SSS, PBCH, PRACH, PDCCH, PDSCH, PUSCH, PUCCH) is to be designed mainly based on repetition/PSD boosting for the coverage-limited MTC UEs, and the support of scalable coverage enhancement considering spectral efficiency impact is to be taken into account for overall design on the coverage enhancement operation. In this section, we address and discuss some consideration points on initial set-up and access procedure (before RRC connection) to support coverage enhancement of the MTC UEs, specifically on PSS/SSS, PBCH, SIB, and PRACH. 
█ PSS/SSS
According to the conclusion of TR on SI [2], longer synchronization acquisition time compared to normal legacy UEs could be allowable and sufficient for the enhancement of PSS/SSS coverage for the coverage-limited MTC UEs. There seems be no specification issue as long as the relaxed sync acquisition time would not cause critical problem in terms of, for example, UE power consumption. 
█ PBCH
Regarding the enhancement of PBCH coverage for the coverage-limited MTC UEs, additional repetition and/or PSD boosting could be applied according to the coverage enhancement level supportable or required in a cell. Considering system overhead and resource efficiency, it is reasonable that additional PBCH dedicated to the MTC UEs is intermittently transmitted. More specifically, PBCH repetition duration (i.e. PBCH bundle) for the MTC UEs in which both legacy PBCH and additional PBCH are transmitted, and legacy PBCH duration (i.e. legacy PBCH) consisting of only legacy PBCH without additional PBCH can be transmitted by TDM manner as shown in Figure 1. Note here that periodicity of PBCH bundle is to be properly determined with consideration of sync acquisition time consumed for PSS/SSS detection as well as blind decoding complexity required for PBCH detection. For example, if BCH bundle is transmitted with large period, large number of blind decoding attempts may be required in the worst case (depending on PSS/SSS detection timing). On the other hand, if BCH bundle is transmitted with small period to reduce blind decoding attempts in the MTC UEs, increase of system overhead (resource inefficiency) would be inevitable. Thus, periodicity of PBCH bundle is to be set with consideration on the trade-off between UE complexity and system overhead. 
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Figure 1: An example of PBCH transmission for the coverage-limited MTC UEs

Moreover, for the support of scalable coverage enhancement considering system overhead and operational efficiency, it can be considered that amount of additional PBCH within a PBCH bundle is adjusted by eNB according to the coverage enhancement level supportable or required in a cell. In order to support this scalability, multiple sets of additional PBCH with different density (i.e. amount of additional PBCH) and location (e.g. subframe/symbol/resource combination used for additional PBCH) are to be predefined for different coverage enhancement levels. And based on this, PBCH bundle with different additional PBCH density/location is to be blindly decodable from the UE side. Besides, in order to mitigate blind decoding complexity in the UE, other scheme not requiring increase of blind decoding (e.g. PSD boosting) can be additionally combined to reduce the number of different PBCH bundles. 
Proposal 1: Considering system overhead and resource efficiency, it is reasonable that additional PBCH dedicated to the MTC UEs is intermittently transmitted. More specifically, PBCH bundle for the MTC UEs and legacy PBCH can be transmitted by TDM manner. 
Proposal 2: For the support of scalable coverage enhancement considering system overhead and operational efficiency, amount of additional PBCH within a PBCH bundle can be adjusted according to the coverage enhancement level supportable or required in a cell.
█ SIB 
Regarding the transmission of SIB for the coverage-limited MTC UEs, time domain repetition considered as baseline for the enhancement of PDSCH coverage could also be applied as a coverage enhancing scheme for the SIB. Even for the SIB, similarly in the PBCH case above, it is reasonable to intermittently transmit SIB bundle for the MTC UEs by taking both system overhead and resource efficiency into account. 
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Figure 2: An example of SIB transmission for the coverage-limited MTC UEs
Here, periodicity/timing of the SIB bundle can be properly predetermined by having a relationship with periodicity/timing of the PBCH bundle in order that the coverage-limited MTC UEs are able to receive intermittent PBCH/SIB bundle sequentially as shown in Figure 2. In addition to this, size of the SIB bundle (i.e. amount of SIB repetition) can also be adapted as for the PBCH transmission above, for the scalable coverage enhancement considering system overhead/efficiency. 
Proposal 3: It is reasonable to intermittently transmit SIB bundle for the MTC UEs by considering system efficiency as in the PBCH case. Amount of SIB repetition can also be adapted as for the PBCH transmission to support the scalable coverage enhancement. 
Proposal 4: Periodicity and timing of the SIB bundle can be properly predetermined by having a relationship with those of the PBCH bundle in order that the coverage-limited MTC UEs are able to receive intermittent PBCH/SIB bundle sequentially. 
█ PRACH 
According to the TR on SI [2], basically, repetition of preamble or sequence could be used to support the enhanced coverage of PRACH for the coverage-limited MTC UEs, and separate PRACH resource allocation (and configuration on amount of its repetition) according to the amount of required coverage enhancement level could be considered as one possibility for the support of scalable/efficient coverage enhancement to avoid system overhead in terms of excessive repetition. Based on this, an MTC UE can choose a proper PRACH resource corresponding to its required coverage enhancement level and transmit the selected PRACH according to the configured repetition information on the PRACH resource. 
After the transmission of PRACH (bundle), the MTC UE may have to be able to receive random access response (i.e. RAR), transmit PUSCH scheduled by RAR (i.e. Msg3), and receive PDSCH for contention resolution (i.e. Msg4), for the UE identification before the RRC connection. In case of the coverage-limited MTC UE, enhancement of coverage (e.g. repetition) may be likely to be required for other channels as well, for example, PDCCH, PDSCH, PUSCH, and so on. Therefore, the relevant information (e.g. amount of repetition) for the reception/transmission of certain channels required at least for the UE identification is needed to be preconfigured for the MTC UEs. 
Proposal 5: Separate PRACH resource allocation (and configuration on amount of its repetition) according to the amount of required coverage enhancement level could be considered for the support of scalable/efficient coverage enhancement. 
Proposal 6: Information related to the coverage enhancement (e.g. amount of repetition) for the reception/transmission of certain channels required at least for the UE identification is needed to be preconfigured for the MTC UEs.
3. Conclusion
We address and discuss in this contribution some consideration points on initial set-up and access procedure to support coverage enhancement of the MTC UEs, specifically on PSS/SSS, PBCH, SIB, and PRACH. Finally, we suggest: 
Proposal 1: Considering system overhead and resource efficiency, it is reasonable that additional PBCH dedicated to the MTC UEs is intermittently transmitted. More specifically, PBCH bundle for the MTC UEs and legacy PBCH can be transmitted by TDM manner. 
Proposal 2: For the support of scalable coverage enhancement considering system overhead and operational efficiency, amount of additional PBCH within a PBCH bundle can be adjusted according to the coverage enhancement level supportable or required in a cell.

Proposal 3: It is reasonable to intermittently transmit SIB bundle for the MTC UEs by considering system efficiency as in the PBCH case. Amount of SIB repetition can also be adapted as for the PBCH transmission to support the scalable coverage enhancement. 
Proposal 4: Periodicity and timing of the SIB bundle can be properly predetermined by having a relationship with those of the PBCH bundle in order that the coverage-limited MTC UEs are able to receive intermittent PBCH/SIB bundle sequentially. 

Proposal 5: Separate PRACH resource allocation (and configuration on amount of its repetition) according to the amount of required coverage enhancement level could be considered for the support of scalable/efficient coverage enhancement. 
Proposal 6: Information related to the coverage enhancement (e.g. amount of repetition) for the reception/transmission of certain channels required at least for the UE identification is needed to be preconfigured for the MTC UEs.
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