Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #76                                                 R1-140307
Prague, Czech Republic, 10th–14th February 2014
Agenda Item:
7.2.2.2.3
Source: 
LG Electronics

Title: 
Evaluation on PDCCH coverage enhancement for MTC 
Document for:
Discussion and decision

1 Introduction

In RAN1#75, repetition for (E)PDCCH coverage enhancement was agreed as follows [1],
Agreements:
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
Following is email discussion until RAN1 #76 meeting
· Whether to use the same PDCCH candidate m (including same aggregation level) in each repetition, with similar principle for (E)PDCCH
In this contribution, we provide evaluation results and observations on PDCCH repetition with higher aggregation level, PSD boosting, and reduced DCI size.
2 Evaluation on PDCCH repetitions
The target of enhanced coverage MTC UE is providing 15dB coverage enhancement (in case of FDD) with respect to their respective nominal coverage. For coverage enhancement of low-cost MTC UEs with single Rx, additional enhancement of 4dB might be required. Therefore, PDCCH needs to enhance 9.6dB according to the coverage analysis in [2]. If additional 4dB gain is required to low-cost MTC UEs, coverage enhancement of 13.6dB would be necessary to low-cost MTC UEs.

Candidate solutions for PDCCH coverage enhancement
Considered solutions for PDCCH coverage enhancement in this contribution is as follows.
· Repetition

· Higher aggregation level

· PSD boosting

· Reduced DCI size

To achieve the enough coverage gain, above schemes except repetition seems not able to be used alone. On the other hand, these schemes can be used with repetition. The required number of repetitions to meet the target gain can be reduced, if repetition is applied with higher aggregation level, PSD boosting, and/or reduced DCI size. To verify the effect of these complementary schemes, we evaluate the performance of PDCCH repetition with higher aggregation level, PSD boosting, and/or reduced DCI size.
To evaluate repetition with additional solutions, we compared aggregation level 8 to aggregation level 16, and assumed PSD power boosting with 3dB. For reduced DCI size, we considered DCI size with 11 bits. The original DCI size with 10MHz downlink bandwidth is 26 bits. In this case, about 58% of DCI bits are reduced.
Evaluation results
From the evaluation of PDCCH repetition with 16 aggregation level, 3dB PSD boosting, and/or 11 bits DCI size, we obtained the required number of repetitions to achieve 9.6dB gain (for normal MTC UE) and 13.6dB gain (for low-cost MTC UE). When PDCCH bundle is transmitted without any complementary schemes, 8 aggregation level and 26 bits DCI size are used. The detailed simulation assumptions are specified in Table 2 in the Annex.
Evaluation results are shown in Table 1. In each row in the table, the applied complementary schemes are marked and the required number of repetitions is presented in that case. According to the result, without any complementary scheme, 9.6dB coverage gain can be obtained by roughly 18 repetitions. When one complementary scheme is applied, approximately the half number of repetitions is required to achieve 9.6dB gain. Furthermore, if one more complementary scheme is applied, additional 40~50% reduction of repetition number can be obtained. For low-cost MTC UE, 13.6dB coverage enhancement may be required. Table 1 shows that about four times of repetition number is required additionally for low-cost MTC UE.
Table 1. Required number of repetitions for PDCCH coverage enhancement 

	Higher aggregation level
	PSD boosting
	Reduced DCI size
	Number of repetitions for 9.6dB gain
	Number of repetitions for 13.6dB gain

	X
	X
	X
	18
	80

	O
	X
	X
	9
	40

	X
	O
	X
	10
	40

	X
	X
	O
	11
	50

	O
	O
	X
	5
	20

	X
	O
	O
	6
	25

	O
	X
	O
	6
	25


Observation 1: When only repetition is applied to PDCCH coverage enhancement for MTC UE, about 18 repetitions are required.
Observation 2: When only repetition is applied to PDCCH coverage enhancement for low-cost MTC UE, about 80 repetitions are required (four times compared to normal MTC UE).

Observation 3: Roughly, each complementary technique such as higher aggregation level, PSD boosting, or reduced DCI size can reduce 40~50% repetition numbers respectively. When schemes are used in a combined fashion, it further reduces the repetition requirements.

Observation 4: For coverage enhancement at least for low-cost MTC UE, complementary techniques should be considered.
3 Conclusion
In this contribution, we obtained the coverage gain of PDCCH repetition with higher aggregation level, PSD boosting, and reduced DCI size. Then, we obtained following observations,
Observation 1: When only repetition is applied to PDCCH coverage enhancement for MTC UE, about 18 repetitions are required.

Observation 2: When only repetition is applied to PDCCH coverage enhancement for low-cost MTC UE, about 80 repetitions are required (four times compared to normal MTC UE).

Observation 3: Roughly, each complementary technique such as higher aggregation level, PSD boosting, or reduced DCI size can reduce 40~50% repetition numbers respectively. When schemes are used in a combined fashion, it further reduces the repetition requirements.

Observation 4: For coverage enhancement at least for low-cost MTC UE, complementary techniques should be considered.
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5 Annex

Table 2. Evaluation assumptions 
	Parameter
	Setting

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1Hz

	DCI format
	1A

	 Aggregation level
	8

	Frequency tracking error
	100Hz 

	Performance target
	1% BLER
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