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1 Introduction

At the RAN1 #75 meeting, the following were agreed regarding HARQ procedure for coverage enhanced mode [1]:
· HARQ in UL and DL is supported in coverage enhanced mode:
· FFS on the details of HARQ realization for PUSCH.
· FFS on the number of HARQ processes
In addition, the following were agreed on PCFICH coverage enhancement [1]:

· No need for UE to decode PCFICH in coverage enhanced mode.  Not to specify PCFICH repetition:
· FFS on how UE derives CFI.
In this contribution, we share our views on the coverage improvements of PHICH and PCFICH for low cost MTC in LTE systems.  
2 Discussion on PHICH Coverage Enhancement
According to the agreement in the RAN1#75 meeting, “HARQ in UL and DL is supported in coverage enhanced mode” [1]. Note that for PUSCH transmission, HARQ procedure may be realized by either PDCCH or PHICH. While PDCCH based HARQ procedure can be utilized to replace PHICH functionality by checking NDI toggling, it would result in substantial downlink resource consumption in retransmission, which would be accentuated when PDCCH is scheduled for retransmission purpose especially in the heavily loaded systems. On the contrary, due to the simplicity of the physical layer structure, existing PHICH can be easily extended to meet the coverage enhancement target for low cost MTC with limited impact on the specification and UE implementation cost while saving the DL resource by allowing non-adaptive retransmission. 
In general for PHICH-less HARQ procedure, in order to reduce the number of PDCCH transmissions for the purpose of PUSCH retransmission, eNB would need to perform the aggressive scheduling which targets much lower BLER for coverage limited MTE UEs. However, this scheduling is not always guaranteed with reasonable PDCCH overhead, e.g., aggregation level. Furthermore, more frequent PDCCH scheduling for retransmission could result in more blocking probability due to large overhead. The detailed comparison between PDCCH and PHICH based uplink HARQ procedure is presented in the following subsections.
PHICH coverage enhancement target
The Maximum Coupling Loss (MCL) calculations for normal LTE FDD are given in Table 1 [2]. Note that the required SINR for PHICH is obtained by simulations.
Table 1. MCL calculation for normal LTE FDD
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)
	PHICH

	Data rate(kbps)
	
	
	20
	20
	
	
	
	

	Transmitter
	
	
	
	
	
	
	
	

	Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8
	29.0

	Receiver
	
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000
	180000

	(6) Effective noise power

    = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 
	-112.4

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 
	-4.0

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 
	-116.4

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1
	145.4

	NOTE 1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.
 


According to the Table 1 and assuming 4dB SNR loss when employing single receive RF chain, coverage enhancement target for various physical channels for low cost MTC is summarized in Table 2. From the Table 2, it can be noted that the required coverage enhancement target for PHICH is 14.3dB for FDD LTE system. 

Table 2. Coverage enhancement target for low cost MTC
	Physical Channels
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)
	PHICH

	Coverage Enhancement: FDD (dB)
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6
	14.3


Observation 1

· The required coverage enhancement target for PHICH is 14.3dB for FDD LTE system.
Potential solutions for PHICH coverage enhancement
In order to achieve the PHICH coverage enhancement target for low cost MTC, potential solutions can be considered: time and frequency domain repetition. For each approach, the detailed analysis is provided as follows:

· Time domain repetition. Repetition of PHICH across multiple subframes is an effective way to improve the coverage for low cost MTC due to more energy accumulated. Note that eNB may schedule the PHICH repetition according to UE specific coverage extension level, which would help to improve the system level spectral efficiency substantially. 
· Frequency domain repetition. Repetition in the frequency domain can be easily realized by allocating multiple PHICH resources consisting of a PHICH group and sequence index. In particular, the group and sequence index for each PHICH resource can be derived from the resource block index (e.g. lowest PRB index) for the corresponding PUSCH transmission. In general, this approach can be viewed as a natural extension of existing PHICH transmission, and therefore the specification impact and UE implementation cost would be limited. In addition, the cyclic shift of DMRS field can further help to avoid the potential collision of PHICH resources between normal UEs and MTC UEs in the coverage enhanced mode. 
Note that frequency domain repetition can be employed in conjunction with time domain repetition to achieve PHICH coverage enhancement target. In this case, the number of time domain repetitions would be reduced significantly for PHICH transmission, which would help to improve the ACK/NACK feedback latency for MTC UEs in the coverage enhanced mode (the same concept of the high aggregation levels for PDCCH repetition). In addition, the number of PHICH repetitions in time needs to be less than that of PDCCH in order to reduce the time resource consumption.
Link level simulation results

In this section, we present the link level simulation results for PHICH coverage enhancement. The simulation model and parameters are summarized in the Appendix. Figure 1 depicts the link level simulation results for PHICH when employing the repetitions across multiple subframes.  From the plot, it can be observed that ~100 repetitions are needed to meet the 14.3dB PHICH coverage enhancement target.  
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Figure 1. PHICH performance with time domain repetition
Figure 2 illustrates the link level simulation results when frequency domain repetition (i.e. multiple PHICH resources) is applied in conjunction with time domain repetition for PHICH transmission. Based on the simulation results, it can be seen that frequency domain repetition can provide similar link level performance gain as time domain repetition. In addition, with 4 and 8 frequency domain repetitions, only ~30 and 15 time domain repetitions are needed to achieve PHICH coverage enhancement target, respectively. 
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Figure 2. PHICH performance with time and frequency domain repetition
Table 3 summarizes the various combinations of repetition levels in the time and frequency domain to achieve PHICH and PDCCH coverage enhancement target. 

Table 3. Repetition levels to achieve PHICH/PDCCH coverage enhancement target
	PHICH
	PDCCH

	Repetition level 
in time domain
	Repetition level 
in frequency domain 
	Repetition level
in time domain 
	Repetition level
in frequency domain (CCE)

	102
	1
	80
	8

	55
	2
	40
	16

	30
	4
	

	15
	8
	


Observation 2
· ~100 time domain repetition is needed to meet 14.3dB PHICH coverage enhancement target. 

· Frequency domain repetition can provide similar link level performance gain as time domain repetition.
· 14.3dB PHICH coverage enhancement target can be achieved by employing 30 and 15 time domain repetitions together with 4 and 8 frequency domain repetitions, respectively. 
· The number of PHICH repetitions in time needs to be less than that of PDCCH in order to reduce the time resource consumption.
Comparison between PHICH and PDCCH based HARQ procedure
Based on our simulation results in [3], ~80 repetitions are needed to meet the 13.6dB PDCCH coverage enhancement target. In the simulations, aggregation level with 8 CCEs are assumed as reference PDCCH transmission. Hence, PDCCH resource consumption to achieve 15dB overall coverage improvement target can be calucalated as 80×8×36 = 23040REs, which corresponds to 5.5% overhead when assuming 5MHz bandwidth and 100 subframes for repetition. On the other hands, ~100 repetitions in the time domain are required for PHICH coverage enhancement. Hence, PHICH resource overhead to achieve 15dB overall coverage improvement target can be calucalated as 100×12 = 1200REs, which corresponds to 0.3% resource overhead. Based on the analysis, PHICH based HARQ approach can achieve significantly less resource overhead compared to PDCCH based solution. 
In general for PHICH-less HARQ procedure, in order to reduce the overhead by not transmitting PDCCH repetition for retransmission, eNB would need to perform the aggressive scheduling which targets much lower BLER for coverage limited MTE UEs. However, this scheduling is not always guaranteed with reasonable PDCCH overhead, e.g., aggregation level. It is also worth noting that this occupied PDCCH scheduling for retransmission can increase the blocking probability of PDCCH assignment for other UEs.
As should be evident from the discussions above, PHICH based mechanism can achieve substantially less resource overhead and consequently can help to reduce the blocking probability compared to PDCCH based solution. Hence, it is desirable to consider PHICH based uplink HARQ procedure for coverage limited MTC UEs. 
Proposal 1
· PHICH based uplink HARQ procedure is supported for coverage limited MTC UEs, where repetition across multiple subframes are employed together with allocating multiple PHICH resources in a subframe.
3 Discussion on PCFICH Coverage Enhancement
PCFICH is used to convey the information with respect to the size of control region. According to the agreement in the RAN1 #75 meeting [1], coverage limited MTC UEs do not need to decode PCFICH. To derive the CFI value for MTC UEs located in the coverage holes, three potential options can be considered as follows:

· Option 1: Coverage limited MTC UEs are allowed to blindly decode the PDCCH with different CFI values. Considering the PDCCH transmission with repetition across multiple subframes, this approach may not be feasible due to substantial blind decoding complexity.
· Option 2: CFI value can be predefined for MTC UEs located in the coverage holes. In particular, depending on the system bandwidth, the CFI values may be different in order to allow efficient PDCCH scheduling.
· Option 3: CFI value can be broadcast via SIB2 for MTC UEs in the coverage enhanced mode. Compared to the Option 2, this mechanism may provide slightly better scheduling flexibility for PDCCH. 
Based on the analysis above, it would be desirable to predefine or broadcast CFI values for PDCCH region for MTC UEs in the enhanced coverage mode. 

Proposal 2
· CFI values for PDCCH region are predetermined or broadcasted for MTC UEs in the enhanced coverage mode (Option 2 or Option 3).

As agreed in the RAN1#75 meeting [1], cross-subframe scheduling in which the assigned PDSCH is transmitted not before the end of (E)PDCCH was introduced for MTC UEs in the coverage enhanced mode. In the subframes when PDSCH is transmitted for coverage limited MTC UEs, it would be desirable for the eNB to configure different CFI values than the predetermined or broadcasted ones in order to provide more efficient network operation. In this case, the PDSCH starting symbol for MTC UEs in the coverage enhanced mode can be configured by higher layer signaling.
Proposal 3
· The PDSCH starting symbol for MTC UEs in the enhanced coverage mode is configured by higher layer signaling.
4 Conclusions

In this contribution, we provided our views on PHICH and PCFICH coverage enhancement for low cost MTC in LTE systems. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1

· The required coverage enhancement target for PHICH is 14.3dB for FDD LTE system.
Observation 2

· ~100 time domain repetition is needed to meet 14.3dB PHICH coverage enhancement target. 

· Frequency domain repetition can provide similar link level performance gain as time domain repetition.

· 14.3dB PHICH coverage enhancement target can be achieved by employing 30 and 15 time domain repetitions together with 4 and 8 frequency domain repetitions, respectively. 

· The number of PHICH repetitions in time needs to be less than that of PDCCH in order to reduce the time resource consumption.
Proposal 1
· PHICH based uplink HARQ procedure is supported for coverage limited MTC UEs, where repetition across multiple subframes are employed together with allocating multiple PHICH resources in a subframe.

Proposal 2

· CFI values for PDCCH region are predetermined or broadcasted for MTC UEs in the enhanced coverage mode (Option 2 or Option 3).

Proposal 3

· The PDSCH starting symbol for MTC UEs in the enhanced coverage mode is configured by higher layer signaling.
References

[1] Chairman’s notes, RAN1 #75, San Francisco, USA, November 2013.

[2] 3GPP TR 36.888, v2.2.1, Study on provision of low-cost MTC UEs based on LTE.
[3] R1-135105, “Coverage enhancement of DL/UL control channels for low cost MTC”, Intel Corporation, RAN1 #75, San Francisco, USA, November 2013.
Appendix: Simulation Assumptions

	Parameter
	Value

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Frame Type
	FDD

	MIMO Configuration
	2x1 with low correlation

	Channel Model 
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100Hz

	Channel Estimation
	Cross-subframe channel estimation

	Target ACK( NACK error
	1%
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