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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This WI aims at introducing a new low-cost MTC UE and allowing for enhanced coverage for these new MTC UEs and also other MTC UEs.  Objectives for low cost MTC UE are as follows:

· 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.
This contribution discusses some general considerations for low cost MTC UEs.

2 Discussion
2.1 HARQ processes

The UE category is defined by the maximum number of TB bits per TTI, the total number of soft channel bits and the maximum number of supported spatial layers.  In the previous meeting we agreed on the number of spatial layers.  The TB bits per TTI is already defined in the WI description.  The remaining item, the total number of soft channel bits is dependent upon the number of HARQ processes.  The HARQ processes fill in the period between a SAW RTT thereby increasing the UE throughput.  However the low cost MTC UE is not expected to operate with high throughput.  Since the aim is to reduce the cost of the UE, then reducing the number HARQ processes would lead to smaller number of soft channel bits, i.e. only 1 HARQ process is sufficient.

Proposal 1: Low cost MTC UE supports only 1 HARQ process.  
2.2 Reduced Bandwidth

One of the WI objectives is to reduce the PDSCH bandwidth for low cost MTC UEs to 6 PRBs.  It is unclear whether these 6 PRBs need to be contiguous, nor whether the reduced bandwidth is also applicable to EPDCCH.  Requiring the 6 PRBs to be contiguous would lead to the following:

· Frequency diversity cannot be fully exploited.  Distributed transmission is limited to at most a separation of 4 PRBs.

· Additional restriction to the eNB in scheduling, e.g. for SIB

It is noted that the cost saving in reduced bandwidth arises from knowing the frequency position in advance for post-FFT data buffering and is independent of the separations between PRBs [2].  Therefore we propose to allow non-contiguous PRB allocations.

Proposal 2: The PRBs in the PDSCH for low cost MTC UE can be non-contiguous.
In the WI objectives, the 6 PRBs restriction is only applicable to downlink data channels, i.e. the PDSCH.  Although EPDCCH uses the same resource space as that of PDSCH, there is no need to restrict the PRBs containing EPDCCH since they are decoded first before decoding the corresponding PDSCH.  It should be noted that it is challenging to perform localised EPDCCH transmission for MTC UE operating in coverage enhancement mode [3] and hence this restriction of 6 PRB would limit the AL that can be used in distributed transmission. 

Proposal 3: The 6 PRBs restriction is not applicable to EPDCCH. 
In RAN1#74 the following options for frequency allocation for the PDSCH were considered:
· Pre-defined or fixed manner or dynamic-manner for initial access

· Semi-static or dynamic manner for others

The following was also agreed in RAN1#74bis:

· At first, discuss repetition case, and discuss non- repetition case

This agreement suggested to agree on the PDSCH frequency allocation for coverage enhanced MTC UEs first since it is likely that (E)PDCCH and PDSCH are allocated in different subframes [5] [6] [7].  It was suggested that we aim for a unified solution for low cost MTC UE and coverage enhanced MTC UE, i.e, a cross-subframe scheduling.  However, it is highlighted in [8], [9], [10] & [11] that cross-subframe scheduling has significant impact to the eNB scheduler.  Furthermore an eNB supporting low cost MTC UE need not support coverage enhanced MTC UE and hence imposing a cross-subframe scheduling on such an eNB does not offer any benefit but adds complexity to its scheduler.  It is also noted in [9] that the dynamic method of PDSCH frequency allocation can be performed with insignificant cost by buffering only the 1st slot of the subframe.  Therefore, we prefer to use the dynamic method for both initial and subsequent access.
Proposal 4: There is no need for a unified PDSCH frequency allocation solution for low cost MTC UE and coverage enhanced MTC UE.

Proposal 5: The PDSCH frequency allocation for initial access and other access are performed in a dynamic manner.
3 Conclusions
In this contribution we consider the need to further improve the coverage for PSS/SSS for MTC UEs operating in coverage enhancement mode.  We propose that RAN1 concludes the following:
Proposal 1: Low cost MTC UE supports only 1 HARQ process. 

Proposal 2: The PRBs in the PDSCH for low cost MTC UE can be non-contiguous.
Proposal 3: The 6 PRBs restriction is not applicable to EPDCCH. 
Proposal 4: There is no need for a unified PDSCH frequency allocation solution for low cost MTC UE and coverage enhanced MTC UE.

Proposal 5: The PDSCH frequency allocation for initial access and other access are performed in a dynamic manner.
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