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1 Introduction
The WI on “Low cost & Enhanced Coverage MTC UE for LTE” was approved in RAN#60 and one of the objectives is to achieve overall 15 dB coverage improvement for FDD with respect to normal UE [1]. 
For PDCCH coverage improvement, repetition method with multiple levels was agreed in RAN#62 as shown below [2].

“For UE-specific search space, (E)PDCCH is supported with repetition and multiple levels to schedule PDSCH. Starting sub-frames for (E)PDCCH will be limited to a subset.”
In this contribution we will discuss about conserving processing power hence saving power battery in monitoring PDCCH bundles and propose a method to inform an MTC UE the desirable information for monitoring PDCCH bundles effectively.
2 Monitoring PDCCH 
In order to improve the coverage of PDCCH with repetition method, the same PDCCH would be repeatedly transmitted in multiple subframes as shown in Figure 1. 
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Figure 1: PDCCH repetition for enhanced coverage MTC UE 

Processing a PDCCH bundle in multiple subframes is a long operation. If an MTC UE always monitors all PDCCH bundles, a non-negligible amount of power consumption may be wasted when the MTC UE is not a target of a PDCCH bundle transmission. For saving battery power an MTC UE should monitor only its PDCCH bundle. Therefore a prior knowledge of whether a PDCCH bundle is addressed to it or not should be desirable to an MTC UE. 

Observation 1: A prior knowledge of whether a PDCCH bundle is addressed to it or not would be desirable to an MTC UE for saving power battery.
The multiple levels of coverage improvement shall be supported as agreed in RAN#62. PDCCH bundles might have different number of repetitions for each MTC UE. In order to decode successfully PDCCH an MTC UE needs to be informed the number of repetitions of its PDCCH bundle.
Observation 2: In order to decode successfully PDCCH an MTC UE needs to be informed the number of repetitions of its PDCCH bundle
Proposal: A method to inform an MTC UE the desirable information for monitoring PDCCH effectively is proposed in Section 3.
3 Method to inform MTC UE desirable information for monitoring PDCCH effectively
The desirable information for monitoring PDCCH effectively includes
· whether a PDCCH bundle is addressed to it or not; and
· number of repetitions of its PDCCH bundle

A possible method to inform an MTC UE the above information is sending a new control signaling that carries the desirable information prior to the PDCCH bundle transmission. The method is illustrated in Figure 2 in which a MTC-PDCICH (Physical Downlink Control Indicator Channel for MTC) bundle is transmitted prior to a PDCCH bundle transmission in the radio frame immediately preceding the starting radio frame of a PDCCH bundle transmission.
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Figure 2: MTC-PDCICH and PDCCH transmissions
MTC-PDCICH is a newly proposed physical channel that carries a newly proposed layer-1 control information, so called MTC-CCI (Control Channel Indicator for MTC). The desirable information is included in MTC-CCI. 
Assuming an MTC-UE knows the starting radio frame of PDCCH bundle transmissions (e.g. pre-defined or configured), it could monitor an MTC-PDCICH bundle that is transmitted in the radio frame immediately preceding the starting radio frame of a PDCCH bundle transmission. If an MTC-CCI is detected, the MTC-UE knows that the next PDCCH bundle is addressed to it and also knows the number of repetitions; it will monitor this PDCCH bundle. Otherwise it will ignore the PDCCH bundle to save battery power. 
MTC-PDCICH and MTC-CCI should be designed to meet the following criteria:

· More robust than PDCCH

· Detectable and reliable 

· Small overhead 
The detailed designs of MTC-CCI and MTC-PDCICH are discussed in sections 3.1 and 3.2, respectively. 
3.1 MTC-CCI
MTC-CCI includes the following 
· 2-bit information, so called NRI (Number of Repetitions Indicator), representing value of 0, 1, 2 or 3 to indicate up to 4 different levels on number of repetitions in a PDCCH bundle to achieve up to 4 different quantized levels of coverage enhancement for example 3.4 dB, 6.8 dB, 10.2 dB and 13.6 dB. The exact number of repetitions for each level is FFS; and

· 16-bit RNTI used to inform a MTC-UE that this PDCCH bundle is addressed to it. The RNTI might be C-RNTI, or Temporary C-RNTI.

Note that this method could also be applied for common search space. In this case the RNTI would be SI-RNTI, P-RNTI or RA-RNTI.

The coding steps for MTC-CCI at eNodeB are shown in Figure 3.
[image: image3.emf]Channel coding

2-bit NRI

UE specific 

masking

b

0

,b

1

,…,b

71

UE specific mask 

generating

16-bit RNTI

a

0

,a

1

,…,a

71

Rate matching

c

0

,c

1

,…,c

71

e

0

,e

1

,…,e

575


Figure 3: Processing for MTC-CCI

3.1.1 UE specific mask generating

The UE specific mask could be generated by encoding 16-bit RNTI using a rate 1/3 convolutional coding described in Section 4.2.3.1 of 3GPP TS25.212 v7.1.0 with 8 zero tail bits added to the end of the 16-bit RNTI before encoding. The UE specific mask output is 72 bits a0, a1, ... , a71
3.1.2 Channel coding

The 2-bit NRI representing value of 0, 1, 2 or 3, which indicates the number of PDCCH repetitions in a PDCCH bundle, is coded according to Table 1. The code word output is 72 bits b0, b1, ... , b71
Table 1:  MTC-CCI code words
	NRI 
	MTC-CCI code word 

< b0, b1, …, b71 >

	0
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

  0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

  0,0,0,0,0,0>

	1
	<0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1, 0,1,1,

  0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1, 0,1,1,0,1,1,

  0,1,1,0,1,1>

	2
	<1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1

  1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,

  1,0,1,1,0,1>

	3
	<1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0

  1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,

  1,1,0,1,1,0>


3.1.3 UE specific masking
72-bit MTC-CCI code word b0, b1, ... , b71 is masked with 72-bit UE specific mask a0, a1, ... , a71 to produce 72 bits c0, c1, ... , c71  as follows.
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3.1.4 Rate matching

The rate matching is performed on 72 bits c0, c1, ... , c71 with the following processes.

· Demuxing the 72 bits c0, c1, ... , c71  into three streams of 24 bits: [image: image5.wmf]i

i

c

d

3

)

0

(

=

, [image: image6.wmf]1

3

)

1

(

+

=

i

i

c

d

and [image: image7.wmf]2

3

)

2

(

+

=

i

i

c

d

 , i = 0,1, ..., 23 
· Rate matching on the three streams[image: image8.wmf])

0

(

i

d

, [image: image9.wmf])

1

(

i

d

and[image: image10.wmf])

2

(

i

d

, using the method specified in Section 5.1.4.2 of 3GPP TS 36.212 v12.0.0 to output a sequence of 576 bits e0, e1, ..., e575, given that 8 CCEs is allocated to MTC-PDCICH.
3.2 MTC-PDCICH

MTC-PDCICH is used to carry MTC-CCI. It is multiplexed with PDCCHs in the control region and is processed in the same way as a PDCCH as described in Sections 6.8.2 - 6.8.5 of 3GPP TS 36.211 v12.0.0. The processing is illustrated in Figure 4.
[image: image11.emf]CCE aggregation and 

MTC-PDCICH 

/PDCCH multiplexing

MTC-PDCICH

MTC-PDCICH

.

.

.

PDCCH

PDCCH

Scrambling

QPSK

modulation

Layer 

mapping & 

precoding

REG level 

interleaving

REG level cell 

specific cyclic 

shifting

RE mapping


Figure 4: Processing for MTC-PDCICH and PDCCH 
The repetition method is also applied to MTC-PDCICH for coverage improvement. The number of repetitions of a MTC-PDCICH bundle should be much smaller than that of a PDCCH bundle to minimize the overhead.
During a repetition transmission period the same MTC-PDCICH is transmitted and its position index in its UE specific search space is unchanged to simplify the blind detection process.
The aggregation level of 8CCEs should be assigned to MTC-PDCICH to minimize the number of repetitions of a MTC-PDCICH bundle.

We have conducted link level simulations to identify the required number of repetitions. It was found that with 5 repetitions of MTC-PDCICH, MTC-CCI can be detected with 99% successful rate at SNR=-14dB. It means that the control signaling overhead due to MTC-PDCICH would be less than 7% of the resource used for a PDCCH bundle having 80 repetitions. 
The simulation results are shown in Section 3.3.
3.3 Simulation results

In this section, we present the link level simulation results of MTC-CCI detection with 5 repetitions for a MTC-PDCICH bundle. The simulation assumptions are specified in Table 2 in Section 6 Annex.  
The simulation results are shown in Figure 5 including probability of miss detection and probability of false detection which are defined as follows.
· Pmiss: Probability of miss detection which is defined as a case when an MTC-CCI is transmitted for an MTC UE and the MTC UE fails to detect it. This will result in retransmission of MTC-CCI, PDCCH and PDSCH for MTC UE in the next transmission cycle. This does not have any impact on MTC UE. This may enhance MTC UE performance in term of power conservation as under a channel condition that a MTC UE fails to detect MTC-CCI intended for it, it would fail to decode the associated PDCCH and PDSCH. Stopping to process the associated PDCCH and PDSCH shall help MTC-UE to conserve its battery power.

· Pfalse1: Probability of false detection type 1 which is defined as a case when MTC-CCI is transmitted for another MTC UE but the MTC UE wrongly detects it. This results in that the MTC-UE attempts processing the associated PDCCH and throws the result away. Aiming to keep this as low as possible.

In the simulation, the RNTI at eNodeB was set to 0xAAAA and the RNTI used in the MTC UE was set to 0x12AA.

· Pfalse2: Probability of false detection type 2 which is defined as a case when no DCI-MTC is transmitted but the MTC UE wrongly detects a MTC-DCI. This results in the MTC-UE attempts processing the associated PDCCH and throws the result away. Aiming to keep this as low as possible.
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Figure 5: MTC-CCI detection results
The simulation results demonstrate that the proposed solution could provide a reliable method for transmitting a control channel indicator to a low cost & enhanced coverage MTC UE. The rate of successful detection is very high (99% at SNR of -14dB) and the rate of false detection is very low (less than 0.075%).
4 Conclusions
In this contribution we have discussed about saving power battery in monitoring PDCCH bundles and proposed a method to inform an MTC UE the desirable information for monitoring PDCCH bundles effectively. The observations and proposals are summarized below.    
Observation 1: A prior knowledge of whether a PDCCH bundle is addressed to it or not would be desirable to an MTC UE for saving power battery.
Observation 2: In order to decode successfully PDCCH an MTC UE needs to be informed the number of repetitions of its PDCCH bundle.
Proposal: A method to inform an MTC UE the desirable information for monitoring PDCCH effectively is proposed in Section 3.
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6 Annex

Table 2: Simulation assumptions
	Parameter
	Value

	Number of Tx antennas
	2

	Number of Rx antennas
	1

	Channel estimation (Real / Ideal)
	Ideal

	Number of Resource Blocks
	50

	Number of repetitions for MTC-PDCICH transmission
	5

	Propagation channel condition
	EPA

	Doppler frequency
	1Hz

	Aggregation level for MTC-PDCICH
	8 CCEs

	RNTI used at eNodeB side/ MTC UE side (for Pmiss measurement)
	0xAAAA

	RNTI used in MTC UE side for Pfalse1 measurement
	0x12AA
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