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1
Introduction

The R11 SI “Provision of low-cost MTC UE’s based on LTE” [1] aims to investigate the feasibility of MTC type of terminals and solutions that would permit the use of LTE radio access to become competitive with that of GSM/(E)GPRS terminals addressing the MTC use case.
In the November 2011 RAN1#67 meeting, the following 5 concepts were included into TR 36.888:

· Reduction of maximum bandwidth

· Single Rx RF chain

· Reduction of peak rate

· Reduction of Tx power

· Half-Duplex operation

For each of these technical concepts to achieve cost savings for Low-cost UE’s, the corresponding impact analysis of the feature in TR 36.888 includes impacts onto coverage and spectral efficiency, reduction in power consumption and the amount of anticipated specifications work.
The use of only a single Rx RF chain offers great potential in terms of cost reduction through lower component count and for reduced Rx power consumption for future low-end low data-rate applications.
In this contribution, we present link-level evaluation results to assess the coverage penalty incurred when operating LTE DL control/data channels with a single Rx RF chain.

2
Evaluation assumptions
When evaluating expected performance impacts onto DL coverage by eliminating the dual Rx RF chain, we implicitly assume in this contribution that the Low-cost UE operates de-facto using a single Rx antenna only (although we acknowledge that alternative RF architectures exist).

We think that for the impact analysis, it is important to distinguish between DL control channels / signals and DL data channels, i.e. PDSCH.

Clearly, demodulation performance, i.e. REFSENS for PDSCH and required operating SINR to achieve a certain target BLER, i.e. 1% for PDCCH are both impacted in presence of single antenna receivers.
However, single antenna reception and demodulation of PDSCH rather results in a penalty for the achievable DL system spectral efficiency as a function of the penetration rate of Low-cost UE’s and as a function of the effective system load, i.e. resource utilization. An SINR decoding penalty for a given MCS incurred due to single antenna reception on the PDSCH will not directly translate into a coverage penalty. This is due to the presence of HARQ and the possibility of increasing transmission windows in time-domain, the use a limited amount of power boosting in the typical case of QPSK modulation for low-rate services, or the possibility to adjust the PDSCH RB allocation sizes accordingly.

In consequence, we deem that the penalty onto PDSCH performance in presence of single Rx RF Low-cost UE’s is to be evaluated through system-level simulations for which in turn certain assumptions like DL load or penetration rates are necessary.

The immediate penalty incurred by Low-cost UE’s rate with single Rx RF is immediately visible when considering the demodulation performance of DL control channels or signals.

However, acquisition of PSS/SSS/PBCH and decoding of PCFICH/PHICH/PDCCH are two separate cases to consider.

A reduced available SINR for PSS/SSS/PBCH at a single antenna receiver primarily translates into a penalty in terms of acquisition time. In practice, although these LTE DL control signals have been designed to allow for one-shot decoding under very good SINR, a UE uses accumulation and multiple reception instances.

Unlike the PSS/SSS/PBCH, decoding of PCFICH/PHICH/PDCCH has to be done by the UE in a single subframe only. The flexibility in terms of power boosting that can be applied is more limited due to the general interference limited performance of these DL channels / signals.
In consequence, we have evaluated the link-level impacts for single Rx RF UE’s decoding PCFICH and PDCCH F0/1A using the assumption of AL2 or AL8 for a BLER target of 1%. Because of the low data rates typically supported for MTC applications, and assuming single spatial layer processing, an evaluation of DCI F2/a/b/c is not required.
When using a single RF Rx chain only, the PDCCH performance is expected to be reduced due to lower SNR gains in high Rx correlation case and it is expected to be reduced due to loss of SNR/diversity gains in low Rx correlation cases. Therefore, we evaluated both cases of high (0.9) and low (0) Rx antenna correlation for the Cat 1 reference UE.
We included the cases of 4 and 2 Tx side antennas at the eNB into this evaluation.
Other simulation assumptions are summarized in Table 1.
Table 1: Link-level evaluation assumptions for Single Rx RF chain Low-cost UE
	Parameters
	Value

	Antenna configuration
	4x2 vs. 4x1

2x2 vs. 2x1

	Antenna correlation (Tx, Rx)
	(0.5, 0.9)

(0.5, 0.5)

(0.5, 0)

	Channel
	EPA 5

	System bandwidth
	10 MHz

	PDCCH
	3 Symbols

	Aggregation levels
	2

8

	DCI Formats
	0/1A

	Receiver
	MMSE

	Channel Estimation
	Realistic

	Noise Estimation
	Ideal


3
Evaluation results
3.1
PDCCH performance for 4 Tx and 2 (versus 1) Rx
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Figure 1: 4x2 versus 4x1 performances for DCI F0/1A using AL2 and 8 for (Tx, Rx)=(0.5,0.9)
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Figure 2: 4x2 versus 4x1 performances for DCI F0/1A using AL2 and 8 for (Tx, Rx)=(0.5,0.5)
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Figure 3: 4x2 versus 4x1 performances for DCI F0/1A using AL2 and 8 for (Tx, Rx)=(0.5,0)

3.2
PDCCH performance for 2 Tx and 2 (versus 1) Rx
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Figure 4: 2x2 versus 2x1 performances for DCI F0/1A using AL2 and 8 for (Tx, Rx)=(0.5,0.9)
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Figure 5: 2x2 versus 2x1 performances for DCI F0/1A using AL2 and 8 for (Tx, Rx)=(0.5,0.5)
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Figure 6: 2x2 versus 2x1 performances for DCI F0/1A using AL2 and 8 for (Tx, Rx)=(0.5,0)

3.3
PCFICH performance for 4x2/2x2 versus 4x1/2x1
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Figure 7: PCFICH performance for 4x2/1 (left) and 2x2/1 (right) with (Tx, Rx)=(0.5,0.9)
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Figure 8: PCFICH performance for 4x2/1 (left) and 2x2/1 (right) with (Tx, Rx)=(0.5,0.5)
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Figure 9: PCFICH performance for 4x2/1 (left) and 2x2/1 with (Tx, Rx)=(0.5,0.0)

4
Conclusions and Recommendations

In this contribution, we evaluated the expected degradation in required operating SINR for Low-cost UE’s supporting a single RF Rx when decoding PDCCH DCI F0/1A in EPA5 using 4x2 and 2x2 antenna configurations against the reference Cat 1 UE.
In summary, when using a single RF Rx chain only, the PDCCH decoding performance for DCI F0/1A is reduced by up to 3.8dB due to lower SNR gains compared to a dual-Rx UE for high Rx correlation cases in 4-Tx configurations. For low Rx correlation cases, we expect the baseline PDCCH decoding performance would potentially be reduced by up to 5.5-6dB in 4-Tx and 2-Tx configurations at the eNB due to loss in SNR and diversity gains.

The expected PCFICH performance degradation for Low-cost UE’s supporting single RF Rx ranges from 3.2 to 4.8 dB compared to a dual-Rx reference Cat 1 UE in high to low Rx correlation cases for (2 Tx, 2 Rx) antennas.

These results are summarized in Table 1.

(Note: A corresponding text proposal for TR 36.888 Section 6.3.1 can be provided based on these numbers).

Table 2: Summary of PDCCH performance degradation for DCI F0/1A in EPA5 4x2(1) and 2x2(1)
	
	Operating SINR penalty [dB] for Single Rx RF UE in (4x2)
	Operating SINR penalty [dB] for Single Rx RF UE in (2x2)

	
	(0.5,0.9)
	(0.5,0.5)
	(0.5,0)
	(0.5,0.9)
	(0.5,0.5)
	(0.5,0)

	PDCCH DCI F0/1A (AL2 / 2 CCE’s)
	3.8
	4.5
	6
	3.8
	4
	5.8

	PDCCH DCI F0/1A (AL8 / 2 CCE’s)
	3.5
	4.5
	5.5
	3.5
	3.9
	5.3

	PCFICH
	3.5
	3.8
	4.5
	3.2
	3.5
	4.8
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