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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 discuss on the introduction of a new UE category with low cost features and the support of potential UE capability on coverage enhancement for the MTC UEs.
2. Consideration points for the support of MTC UEs
According to the WID above, a new UE category with low cost feature (e.g. 1 Rx antenna, small maximum TBS size, reduced DL BW for data channel) is to be introduced to support the low cost MTC UEs, and 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 for the MTC UEs. In this section, we address some consideration points and provide our view on potential low cost UE category/ coverage enhancement capability, and design aspect on the support of low cost features/enhanced coverage for the MTC UEs. 
█ Introduction of a new UE category with the low cost features
According to the TR made during SI phase [2], possible solution to prevent undesirable impact on UE and/or network performance caused by potential excessive use of low cost features designed targeting MTC UEs is provided as below. 
The aim of introducing a new MTC-specific UE category would be to restrict any adopted MTC-related low-cost technique affecting the UE and/or network performance to this new UE category only. This solution makes sure the existing UE categories are not affected by the simplifications intended for low-cost MTC UEs, by: 

◦ defining a new UE category specifically for low-cost MTC devices, and;

◦ restricting any simplification technique affecting the UE and/or network performance to operate only with this UE category. 

In order to keep this motivation and to avoid complicated design, it is reasonable to restrict all the low cost features to a single UE category. In other words, for the support of low cost MTC UEs, it is sufficient to introduce only one UE category having all the low cost features together. 

Proposal 1: To avoid system impacts and complicated design, it is reasonable to restrict all the low cost features to a single UE category. For the support of low cost MTC UEs, it is sufficient to introduce only one UE category having all the low cost features together.
Furthermore, focusing on frequency allocation to support reduced DL BW for data channel transmission of the low cost MTC UEs, the following was concluded in the previous RAN1#74 meeting [3].

Conclusion:

▪  PDSCH frequency allocation method for further study until the next meeting:

-  Pre-defined or fixed manner or dynamic-manner for initial access

-  Semi-static or dynamic manner for others

First of all, frequency allocation option by dynamic manner is understood as cross-subframe scheduling concept that a PDCCH and the corresponding PDSCH are transmitted through different subframes (for example, PDCCH in subframe K, PDSCH in subframe K+1). Considering the case of initial access first (more correctly, in case of common PDSCH transmission such as SIB or RAR), simultaneous scheduling of the MTC UEs and legacy UEs would be restricted or infeasible which causes to introduce separate scheduling between the MTC UEs and legacy UEs by assigning, for example, different RNTI values. Even considering the other cases (more correctly, in case of UE-specific normal PDSCH transmission), introducing new (longer) HARQ timing in terms of timing relationship between DL grant PDCCH and HARQ-ACK feedback would be inevitable which causes additional handling on implicit PUCCH resource linked to PDCCH resource at the eNB side due to increase of HARQ timing. 
For these reasons (to support multiplexing with legacy and reuse existing HARQ timing), predefined or fixed manner for common PDSCH transmission and semi-static manner for UE-specific PDSCH transmission are preferable, for frequency allocation of the PDSCH on the low cost MTC UEs. 
Proposal 2: For frequency allocation of the PDSCH on the low cost MTC UEs, predefined or fixed manner for common PDSCH transmission and semi-static manner for UE-specific PDSCH transmission are preferable. 
█ Support of potential UE capability on coverage enhancement
Regarding a potential UE capability supporting enhanced coverage for MTC UEs, similarly in the case of low cost UE category above, it seems that undesirable impact could be expected on UE and/or network performance if procedure/scheme designed to support coverage enhancement of the MTC UEs is configured/applied without any restriction. In order to prevent network performance impact and avoid network overhead inefficiency, it is necessary that supportability of coverage enhancement capability is restricted only for the MTC UEs. Note here that supportability of coverage enhancement capability is not restricted for new UE category for the low cost MTC mentioned in above (for example, an MTC UE belonging to other existing UE category can have the coverage enhancement capability). 
Proposal 3: Considering potential system impact, supportability of coverage enhancement capability is restricted only for the MTC UEs. In addition, supportability of coverage enhancement capability is not restricted for new UE category for the low cost MTC. 
Furthermore, on the supportability of coverage enhancement capability according to the MTC UEs, there are two consideration points to be discussed. First is how to provide coverage enhancement capability according to UE category of the MTC UE. For example as a possibility, coverage enhancement is to be a mandatory capability for certain UE category (e.g. new UE category for low cost MTC) and an optional capability for the other UE category (e.g. existing UE category usable for MTC). Second is whether coverage enhancement operation is associated with certain UE type of the MTC UE such as “delayTolerantAccess” establishment, regardless of UE category of the MTC UE. It seems be needed to more discuss on these by taking both network performance/overhead and MTC application characteristics into account.
Proposal 4: On the supportability of coverage enhancement capability according to the MTC UEs, it seems be needed to more discuss on these by taking both network performance/overhead and MTC application characteristics into account.
█ Consideration points on the design of coverage enhancement 
Before the specific design on the support of coverage enhancement for the MTC UEs, it is necessary to decide which operation mode would be the baseline for the overall design on coverage enhancement of the MTC UEs. Considering delay-tolerant/intermittent traffic with long DRX period of the MTC UEs, design complexity/workload, and specification impact, it is reasonable that set-up procedure and element scheme to support coverage enhancement is designed under basic transmission mode based on CRS (e.g. TM1 and/or TM2) which can be automatically configured during initial access period. 
Proposal 5: Considering both MTC application characteristics and design complexity/workload, it is reasonable that set-up procedure and element scheme to support coverage enhancement is designed under basic transmission mode based on CRS. 
Regarding the support of enhanced coverage on DMRS based operation such as EPDCCH and TM9, more efficient transmission of control/data channels could be possible in terms of, for example, number of required repetitions or amount of required resources. However, it is expected that supporting coverage enhancement on those operations may have to go with considerable standard effort as well as design complexity. Hence, it seems better to consider coverage enhancement on DMRS based operation with lower priority or in later release. 
Proposal 6: It seems better to consider coverage enhancement on DMRS based operation such as EPDCCH and TM9 with lower priority or in later release if those operations involve considerable standard effort as well as design complexity. 
3. Conclusion
We address and discuss some consideration points on potential low cost UE category/coverage enhancement capability, and design aspect on the support of low cost features/enhanced coverage for the MTC UEs. Finally, we suggest: 
Proposal 1: To avoid system impacts and complicated design, it is reasonable to restrict all the low cost features to a single UE category. For the support of low cost MTC UEs, it is sufficient to introduce only one UE category having all the low cost features together.

Proposal 2: For frequency allocation of the PDSCH on the low cost MTC UEs, predefined or fixed manner for common PDSCH transmission and semi-static manner for UE-specific PDSCH transmission are preferable. 
Proposal 3: Considering potential system impact, supportability of coverage enhancement capability is restricted only for the MTC UEs. In addition, supportability of coverage enhancement capability is not restricted for new UE category for the low cost MTC. 
Proposal 4: On the supportability of coverage enhancement capability according to the MTC UEs, it seems be needed to more discuss on these by taking both network performance/overhead and MTC application characteristics into account.

Proposal 5: Considering both MTC application characteristics and design complexity/workload, it is reasonable that set-up procedure and element scheme to support coverage enhancement is designed under basic transmission mode based on CRS. 

Proposal 6: It seems better to consider coverage enhancement on DMRS based operation such as EPDCCH and TM9 with lower priority or in later release if those operations involve considerable standard effort as well as design complexity. 
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