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1. Introduction

In RAN#53 meeting, study item on low-cost MTC was agreed for LTE Rel-11 [1]. The study item is targeting to supporting the low-cost MTC devices with significantly improved spectrum efficiency and lower power consumption, with data rates and coverage which are comparable with the EGPRS multi-slot class device, targeting to operation with legacy LTE UEs on same carrier reusing the existing LTE/ASE network architecture. During the discussion in RAN#53, it was decided that the low-cost MTC SI would be started by RAN1 first and the work load in other working groups, especially RAN4, would be minimized until the next 3 months [2]. Considering the given time and work loads of RAN WGs for specification of LTE Rel-11, reducing the impacts to the specification work of RAN WGs also seems to be an important criterion for driving the low-cost MTC SI.

As the first step for the standardization of low-cost MTC, we analyzed the UE costs of the various standardization aspects to identify potential candidate standardization areas for low-cost MTC in another paper [3]. Then, in this paper, we discuss the impacts of the potential candidate areas for low-cost MTC to the specifications and the work loads of 3GPP RAN WGs.

2. Specification aspects of potential standardization areas for low-cost MTC
2.1. Potential UE cost reductions
In this section, we discuss the impacts to the specifications and RAN WG work loads of the potential standardization areas for low-cost MTC.
2.1.1. Operating bandwidth
Reduction of maximum TX/RX operating bandwidth would reduce both RF and baseband complexity/cost of the UE. However, coexistence with Rel-10 UEs/networks should be carefully considered to support operating bandwidth smaller than 20 MHz since all the Rel-10 UEs support 20 MHz maximum TX/RX system bandwidth. 
Specification impacts
Introducing UE category/capability with maximum system bandwidth smaller than 20 MHz (for example, 5 MHz bandwidth-capable UEs) may cause marginal impact to the specifications. On the other hand, network deployment in the system bandwidth perspective would be limited to support smaller bandwidth UEs.
It could be also considered to support UE operation within smaller bandwidth than the system bandwidth of the UE’s connected eNB. Since the UE may need to support maximum 20 MHz operating bandwidth for at least initial connection, however, we need to carefully consider UE cost reduction by this operation. .
2.1.2. Full/half duplex operation

Support of half duplex operation may reduce the UE cost by removing simultaneous TX/RX operation at RF and baseband parts. It should be noted that half duplex operation was assumed to be supported without explicit specification from LTE Rel-8 FDD. However, half duplex operation in Rel-8 FDD may cause eNB scheduling restriction and data throughput loss due to the arbitrary puncturing of PDSCH/PUSCH at the UE side to generate reception/transmission gap.
Specification impacts
To support half duplex operation resorting to the eNB scheduling restriction and PDSCH/PUSCH puncturing at UE side, main specification works would be required in RAN4 to define performance requirements.
To support half duplex operation in an explicit way in the specifications, RAN1 and RAN2 works as well as RAN4 work would be required to create and manage UL/DL duplexing gap and configure the half duplex operation to the UE.

2.1.3. Support of RX diversity
Since DL/UL spatial multiplexing and UL TX diversity is already an optional (or UE-category dependent) features in LTE Rel-10, the only possibility of reducing the number of UE antennas/RF chains seems to introduce a UE category/capability with single antenna reception. However, expectable DL coverage would be reduced with such a UE.
Specification impacts
Introduction of the single antenna reception UE would mainly require the RAN4 work to define the corresponding performance requirements.
2.1.4. Data rates

A UE category with the maximum DL data rate smaller than 10 Mbps can be considered to reduce the UE data buffer sizes and data decoding complexity/costs.
Specification impacts
Introduction of a UE category with a maximum DL data rate smaller than that of Rel-10 LTE may be considered for UE cost reduction without yielding significant specification impacts.
2.1.5. Modulation order

In LTE Rel-10, 64QAM reception in downlink is mandated to all category UEs. Introducing UE category/capability not supporting DL 64QAM may reduce the UE RF complexity/costs. 
Specification impacts
Introduction of a UE category/capability without DL 64QAM may cause a marginal specification impacts since support of DL modulation orders lower than 64QAM is already specified in LTE Rel-10.

2.1.6. PDCCH decoding

In LTE Rel-10, maximum PDCCH blind decoding capability of maximum 44 search spaces in each subframe should be supported by all the UEs. The requirement of the maximum PDCCH blind decoding in a subframe may be reduced by, for example, reducing the UE-specific search spaces in each subframe.
Specification impacts
Specification of the reduced maximum PDCCH blind decoding would be mainly involved with RAN1 work, especially related to the modification of PDCCH search spaces. However, the impact to the eNB scheduling and system throughput should be carefully considered before the specification.
2.1.7. HARQ processes

In LTE Rel-10, all the UEs should support the data reception/transmission in consecutive subframes by supporting 8 HARQ processes for FDD. Reducing the supportable number of HARQ processes would reduce the required UE data buffer sizes. In addition, if the requirement of data reception/transmission in consecutive subframes is relaxed with the reduced HARQ processes, UE cost on the parallel processing or high clock speed for PDSCH/PDCCH demodulation/decoding may be also reduced.  
Specification impacts
Specification of the reduced HARQ processes would mainly require RAN1 and RAN2 works. As the first step, it should be investigated how to reduce the HARQ processes, for example, merely reducing the number of HARQ processes, or introducing the PDSCH/PUSCH reception/transmission timing interval, or restricting the subframes for PDSCH/PUSCH reception/transmission, etc.
2.2. Potential network capacity enhancements
It seems that the UE cost reduction is the main focus of the low-cost MTC SI. However, the SI objective of ‘significantly improved spectrum efficiency’ can be achieved by enhancing network capacity for the low-cost MTC UEs. Therefore, the possibility of network capacity enhancements as the potential work area for the low-cost MTC can be considered as follows.  
2.2.1. Very small payload sizes

Depending on the MTC service scenarios, MTC UEs may operate with very small data rates such as 2 kbps or 10 kbps [4]. In this case, multiplexing multiple UE’s PDSCH/PUSCH in a same PRB could be a way to enhance the spectral efficiency of the network. However, before the discussion of the actual specifications, it should be first investigated how small payload sizes are normally relevant for MTC service scenarios including MAC/RLC/PDCP payloads.
2.2.2. Reducing control signalling overheads

To enhance the supportable number of MTC UEs in a subframe, various methods of reducing physical control channel overheads can be considered, that is, reducing DCI payload sizes, scheduling multiple UEs/subframes via single PDCCH, etc. Control overhead reduction can be related to the other enhancements for MTC such as reduced HARQ processes, support of small payload sizes, etc. Control overhead reduction is also related to the other work items under discussion such as enhancements of downlink control signalling for carrier aggregation or MIMO. However, it could be investigated how the control signalling overheads enhancement can be achieved especially considering the MTC deployment scenarios.
3. Summary
In this paper, we discussed the specification aspects and RAN WG works of the potential standardization areas for low-cost MTC briefly. We suggest continuing discussion on low-cost MTC considering the analyses of this paper.
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