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1. Introduction

In the RAN #60 meeting, the study item on provision of low-cost MTC UEs based on LTE [1] was completed and the corresponding TR 36.888 [2] was approved as v12.0.0. Meanwhile, a new work item on low cost & enhanced coverage MTC UE for LTE [3] was approved in RAN #60 meeting [4]. The following objectives were agreed in this work item.
	· 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.

NOTE: Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.

· 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.

NOTE: Additional techniques primarily intended to mitigate spectrum efficiency impacts of enhanced coverage (evaluated in TR36.888) are not included in this work item. However, an exception may be considered for techniques where adding an enhancement later would not be feasible (e.g. those impacting common channels).


In this contribution, we share our views on the new UE category/type for MTC application based on LTE.
2. Discussion
Based on TR 36.888 and MTC WID, MTC UE’s used for many applications will require low operational power consumption and are expected to communicate with infrequent small burst transmissions. The typical MTC traffic is characterized by small packets in downlink and updownlink, such as the maximum downlink/uplink TBS size if 1000 bits. Also, some delay tolerant MTC UE’s in bad coverage may need additional coverage enhancement in FDD and TDD systems. Hence, there will be four cases for UEs to support MTC operations as shown in Table 1. 
Table 1: UE’s supporting MTC operation based on LTE
	
	Non-enhanced coverage
	Enhanced coverage (e.g., New UE capability)

	New UE category/type defined for low-cost MTC 
	A
	B

	Other UE’s
	C
	D


2.1. Frequency location of PDSCH
In this subsection, we present considerations on the frequency location of PDSCH for the case A in Table 1.

As agreed in the MTC WID [3], for the new UE category/type, the downlink channel bandwidth for data channel in the baseband is 1.4 MHz, while the control channels are still allowed to use the carrier bandwidth. For the initial cell search, though the coverage of downlink common channels may be affected by the single receive antenna, the new UE category/type can still read PSS/SSS/PBCH with the longer acquisition time. Also, there is no specification impact for the new MTC UE category/type to read PCFICH/PHICH/PDCCH.
Regarding the reduced PDSCH bandwidth of 1.4 MHz in the baseband for the new UE category/type, the frequency location of PDSCH has the following four options:

(1) Option 1: Fixed in the central six RBs

(2) Option 2: Predefined pattern

(3) Option 3: Semi-statically configuration

(4) Option 4: Dynamical schedule

Based on the cost analysis/evaluation in TR36.888, the reduced PDSCH baseband bandwidth of 1.4MHz could provide the cost savings mainly from lower complexity of the receiver processing components, such as the post-FFT data buffering, receiver processing block, Turbo decoding, HARQ buffer, etc.  

As we know, the PDSCH is the main data-bearing downlink channel which is used for all user data, for the broadcast system information (which is not carried on the PBCH), and for paging messages. For the Option 1/2/3, the post-FFT buffer could be reduced to support the maximal PDCCH region and six PRB pairs for PDSCH only, while, for Option 4, the post-FFT data buffer may have to support the full bandwidth which could lead to additional cost (about 5%) if there is no specification change (such as PDSCH scheduling in advance). So, from the cost-saving perspective, it is preferred to adopt Option 1/2/3 rather than Option 4. 
However, Option 1 may result in some impacts/constraints, especially, on SIB(s) and paging messages. For example, the eNB has to configure the transmission of SIBs/paging messages within such six RBs, which may result in kind of frequency diversity loss and coverage performance degradation. For Option 1, the PDSCH scheduling via PDCCH is limited to a fixed location, so the dynamic scheduling flexibility of PDCCH is lost. Also, the maximum number of MTC UEs which are supported in one TTI is constrained. For Option 2, the coverage performance degradation of PDSCH may be alleviated due to randomized frequency selectivity or interference coordination gains. However, Option 2 involves significant specification work (such as how to define the frequency location pattern), and limits the PDCCH capacity and its scheduling flexibility. Also, for the option 1/2, there may be one concern how the new UE category coexist with other UEs in LTE when involving the common messages (such as SIBs, paging). The Option 3/4 could reap the frequency diversity and frequency scheduling flexibility. Besides, compared with Option 4, Option 3 could lead to a smaller payload for the DL resource assignment.
So, we propose
Proposal 1:
· The frequency location of PDSCH should be semi-statically configured for a UE with new category/type for low-cost MTC.
2.2. UE-cases for low-cost MTC and coverage improvements
In the future, there will be four UE-cases while operating MTC applications as shown in Table 1.  Each MTC UE-case may be handled in a different manner. Therefore, the eNB needs to differentiate each of MTC UE-cases, as well as to differentiate MTC and non-MTC UEs. 
Proposal 2:
· The mechanism for an eNB to differentiate UE-cases for low-cost MTC and coverage improvements should be supported.
· UE-cases are the combination of “new UE category/type” and “coverage improvement”.
3. Conclusion
In this contribution, we propose
Proposal 1:
· The frequency location of PDSCH should be semi-statically configured for a UE with new category/type for low-cost MTC. 
Proposal 2:
· The mechanism for an eNB to differentiate UE-cases for low-cost MTC and coverage improvements should be supported.
· UE-cases are the combination of “new UE category/type” and “coverage improvement”.
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