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1 Introduction

In this contribution, we evaluate the downlink performance of 1 and 2 Rx antennas for the low-cost MTC scenario by means of spectral efficiency.

2 Low-cost UE with 1 or 2 Rx chains

2.1 Spectral efficiency

Hereafter, we present some system level simulation results to evaluate mainly the relative performance difference in terms of spectral efficiency, and some observations. Detailed simulation assumptions are given in the Annex.

Figure 1 shows the spectral efficiency comparing the number of Rx antennas, with a possible restriction of the assigned transport block size to 1000 bits (as given as an exemplary typical packet size for purposes of the low-cost MTC SI).
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Figure 1. Spectral efficiency comparison
Looking at the result, we make the following observations:

· The second Rx antenna improves the SINR that is seen for the assigned DVRB transmissions, which results in the increased spectral efficiency

· The improvement by the second Rx chain amounts to roughly +50% spectral efficiency if the TBS is not restricted

· The improvement by the second Rx chain amounts to roughly +80% spectral efficiency if the TBS is limited to 1000 bits

· If limiting the TBS to 1000 bits, the spectral efficiency is greatly reduced (see [1] for further analysis)
2.2 Number of scheduled UEs per subframe
In Figure 2, we take a look at the result of the scheduling with and without the TBS restriction, again comparing one and two Rx chains.
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Figure 2. UE Multiplexing statistics per subframe
The following observations are made:

· Due to the round robin scheduler, an unlimited TBS actually implies a TDM scheduling of the UEs, i.e. an assigned UE receives the whole bandwidth in a single subframe

· This means that regardless of the number of Rx antennas, only 1 UE is scheduled per subframe

· The limitation of the TBS to 1000 bits allows the multiplexing of multiple UEs in a single subframe even with the round robin scheduler

· The second Rx antenna improves the reported wideband CQI, which results in a smaller number of required RBs and therefore a larger number of UEs that are assigned in a subframe

Particularly from Figure 2 we observe a considerable effect of the number of antennas on the number of MTC UEs that can be supported by a cell in a single subframe. 

2.3 Standardization impact

At least for RAN1, we can expect minimum standardization impact when introducing a UE category with only a single Rx chain. Particularly the RAN4 work could be non-negligible, as the requirements are so far assuming 2 Rx chains at the UE side. We think this concern should be reflected in TR 36.888.

2.4 Cost benefit

Overall, the cost benefit by a the single Rx antenna using the fractional cost breakdown table [2] can be expected to not exceed 15%. Note that the antenna part design and implementation cost can benefit especially if it is targeted at lower frequency; the cost reduction coming from the antenna size are however not taken into account here.  
2.5 Coverage

The reduction to a single Rx antenna chain will diminish the diversity and therefore the SINR that can be achieved, resulting in a reduced coverage even for the downlink control signals. ePDCCH might provide means to compensate for that loss partially. In general, the additional discussion to compensate for the coverage loss might be conducted in close relation to the analysis for the "Study on LTE Coverage Enhancements", even though latest agreements therein prioritize UL coverage enhancements which would not be applicable to compensate for DL coverage losses caused by a single Rx antenna. This might be further taken into account during a future coverage enhancement or low-cost MTC work item.
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Annex

Table 1. System level simulation assumptions.
	Parameters
	Assumptions

	Scenario
	3GPP Case 1

	Duplex
	FDD

	System bandwidth
	10 MHz (46 DVRB are available, 4 PRB unused)

	UE distribution
	Uniformly distributed with average 40 UEs per cell, system is fully loaded

	UE speed
	Static within each deployment

	Traffic
	Unlimited TBS: Full buffer

Limited TBS: Continuous generation of 1000 bit packets per UE

	Downlink transmission scheme
	Tx Diversity

	Downlink scheduler
	Round Robin (w.r.t. scheduled number of transport blocks)

	Downlink HARQ scheme
	HARQ-CC

	Downlink receiver type
	MRC

	Scheduling and Link adaptation
	DVRB assignment, based on wideband CQI

	CQI Measurement and Feedback
	Non-ideal, CQI measurement error: N(0,1dB)

Wideband CQI feedback

	Antenna configuration at base station
	2 co-polarized antennas

	Antenna configuration at UE
	0.5 lambda spacing

	Overhead assumption
	DL overhead: Only CRS are explicitly modelled


