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1 Introduction

In the work item description of ‘Low-cost & enhanced coverage MTC UE for LTE’, following techniques are specified for coverage enhancement of MTC UE [1].
· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.

NOTE: 
Additional techniques primarily intended to mitigate spectrum efficiency impacts of enhanced coverage (evaluated in TR36.888) are not included in this work item. However, an exception may be considered for techniques where adding an enhancement later would not be feasible (e.g. those impacting common channels). 

To specify the operation of enhanced coverage MTC UEs, the procedure of initial access need to be considered first. Thus, as a starting point of initial access operation, we discuss about coverage enhancement of PBCH. In this contribution, we provide our evaluation results and observations on some solutions of PBCH coverage enhancement.
2 PBCH coverage enhancement
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, PBCH needs to enhance 6.7dB according to the coverage analysis in [2]. If additional 4dB gain is required to low-cost MTC UEs, coverage enhancement of 10.7dB would be necessary to low-cost MTC UEs.
Solutions for PBCH coverage enhancement
During the study item stage, various solutions are suggested and discussed for coverage enhancement of PBCH. Based on the work item description, some considerable solutions for PBCH are listed below.
· Repetition/TTI bundling

· PBCH power boosting

· RS power boosting

· New design

Considerations on PBCH coverage enhancement

To adopt solutions for PBCH coverage enhancement, careful consideration should be given. There are some considerations to decide techniques for PBCH coverage enhancement as follows.
· Desirably, resource overhead caused by enhanced coverage PBCH would not impact to overall system performance.
·  Legacy UEs and low-cost MTC UEs would coexist with enhanced coverage MTC UEs.
· Desirably, coverage enhancement for delay tolerant MTC UEs and low-cost MTC UEs would have a unified solution.
· It is desirable to minimize the specification impact.
When above points are considered, PBCH coverage enhancement without new design would be desirable if it could satisfy the target of coverage enhancement. Therefore, in this contribution, we verify the possibility of PBCH coverage enhancement only using repetition, PBCH power boosting, and CRS power boosting.
3 Evaluations for PBCH coverage enhancement
3.1 PBCH repetition
In this section, we evaluate the coverage gain of PBCH with repetition, PBCH power boosting, and CRS power boosting in FDD system.

In legacy PBCH transmission, the PBCH is divided into 4 segments, and these 4 segments are transmitted through subframe #0, #10, #20, and #30 every 40msec. For evaluation of PBCH repetition, we assume that the same PBCH segment transmitted in subframe #0 of each radio frame is repeated in the following 9 consecutive subframes. Thus, a PBCH is transmitted in all subframes for 40msec.

For PBCH power boosting, 2-times (“x2”) and 3-times (“x3”) power boosting is considered for evaluation. We assume that additional power can be borrowed from other PRBs. Thus, power boosting on PBCH may not be achievable in 1.4MHz system bandwidth carrier.
For evaluation, x2 and x3 CRS power boosting is also considered.
PBCH reception is performed in 40msec, the detailed simulation assumptions are specified in Table 1 in the Annex.

[image: image1.emf]1.00E-03

1.00E-02

1.00E-01

1.00E+00

-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7 -6

BLER

SNR

Legacy PBCH

PBCH repetition

PBCH repetition / x2 PBCH boosting

PBCH repetition / x3 PBCH boosting

PBCH repetition / x2 PBCH & RS boosting

PBCH repetition / x3 PBCH & RS boosting


Figure 1. Performance of PBCH coverage gain using all subframes.
Evaluation result of PBCH in FDD with repetition using all subframes during 40msec is presented in Figure 1. According to the result, repetition without power boosting shows about 6 dB gain compared to legacy PBCH (4 PBCHs in 40msec). Performances of repeated PBCH with power boosting on PBCH only and repeated PBCH with power boosting on both PBCH and CRS are also shown in the figure. According to the simulation results, PBCH power boosting can improve PBCH performance, and CRS power boosting gives additional performance gain. With x2 power boosting on PBCH only achieves about 1.5dB additional gain whereas x2 power boosting on both PBCH and CRS achieves about 3dB additional gain with 10-2 BLER. The gain increases with more power boosting (x3 boosting on both achieves 5dB additional gain).
Based on the evaluation, we can observe that PBCH would achieve 6.7 dB coverage gain using repetition (and with a relatively small quantity of power boosting on PBCH and/or CRS) within 40msec. In addition, for low-cost MTC UEs, 10.7dB coverage gain for PBCH within 40msec would be obtained enough using repetition with power boosting on PBCH and CRS.
Observation 1: In FDD system, delay tolerant MTC UE would achieve the target of PBCH coverage enhancement within 40msec using repetition (with a small amount of power boosting on PBCH and/or CRS).

Observation 2: In FDD system, low-cost MTC UE would reach the target of PBCH coverage enhancement within 40msec using repetition with power boosting on PBCH and CRS.
3.2 PBCH repetition in partial subframes

We showed that coverage enhancement of PBCH for delay tolerant MTC UEs and low-cost MTC UEs would be achieved by repetition with power boosting on PBCH and/or CRS in FDD system. However, some considerations are still remained.
One consideration is that PBCH repetition in every subframe would impact to performance of legacy UE, especially in narrow system bandwidth. When a cell has 1.4MHz operating system bandwidth, legacy UEs cannot be scheduled during PBCH subframe bundle is transmitted for enhanced coverage MTC UEs.
PBCH power boosting could also cause a problem, since power boosted PBCH in subframe #0 can be interference to neighbor cells. Another problem of PBCH power boosting is that it would reduce resource for legacy UEs. 
The major consideration would be CRS power boosting. Power boosting of CRS by borrowing power from other REs would impact the performance of legacy UEs and thus it should be carefully used in the presence of legacy UEs.
One way to solve these problems is applying PBCH repetition, PBCH power boosting, and CRS power boosting only in partial subframes such as MBSFN subframes. Impact to legacy UE resource by PBCH repetition or PBCH power boosting would be reduced if PBCH repetition or PBCH power boosting is applied only in MBSFN subframes. In addition, CRS power boosting for PBCH can be feasible if repeated PBCH and CRS are transmitted through MBSFN subframes. We assumed that CRS is transmitted for PBCH region in MBSFN subframes.
Therefore, we provide additional simulation by considering some realistic environment. In this simulation, PBCH is transmitted only through subframe #0 and MBSFN subframes in 10msec radio frame. PBCH power boosting and CRS power boosting are also performed only in MBSFN subframes.
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Figure 2. Performance of PBCH coverage gain using MBSFN subframes.

Figure 2 shows simulation result of PBCH performance in FDD with 6 MBSFN subframes in 10msec radio frame. Since PBCH repetition, PBCH power boosting and CRS power boosting are performed only in 6 MBSFN subframes, there is some performance degradation compared to Figure 1.
Even though PBCH repetition only using partial subframes causes some performance loss, the target coverage gain for delay tolerant MTC UEs and low-cost MTC UEs would be achieved if enough PBCH and CRS power boosting could be applied. Moreover, if repeated PBCH is transmitted though all OFDM symbols in a subframe, it is expected to obtain almost same effect of additional three times of repetitions.  
Therefore, it seems feasible to support PBCH coverage enhancement with PBCH repetition, PBCH power boosting, and CRS power boosting. Note here that coverage enhancement for low-cost MTC UEs or coverage enhancement in TDD system (especially, with small number of downlink subframes) would require more power boosting compared to the FDD case. 
Observation 3: For PBCH coverage enhancement, PBCH repetition with power boosting on PBCH and CRS in partial subframes (e.g. MBSFN subframes) only could be considered.
4 Conclusion
In this contribution, the coverage gain of PBCH repetition with power boosting on PBCH and CRS is evaluated. Based on the discussion, we obtained following observations,
Observation 1: In FDD system, delay tolerant MTC UE would achieve the target of PBCH coverage enhancement within 40msec using repetition (with a small amount of power boosting on PBCH and/or CRS).

Observation 2: In FDD system, low-cost MTC UE would reach the target of PBCH coverage enhancement within 40msec using repetition with power boosting on PBCH and CRS.
Observation 3: For PBCH coverage enhancement, PBCH repetition with power boosting on PBCH and CRS in partial subframes (e.g. MBSFN subframes) only could be considered.
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6 Annex

Table 1. 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

	Frequency tracking error
	100Hz 

	Performance target
	1% BLER
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