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1. Introduction
Up to now, there is no conclusion about the need of coverage improvement of PHICH and PUCCH. This paper presents link level simulation and analysis for PUCCH and PHICH coverage improvement, and also gives our views whether PUCCH and PHICH should be supported for a coverage enhanced mode MTC devices.
2. PUCCH
2.1.  Functionality
 The functionality of PUCCH includes:
1. Scheduling request (SR)
In the connected mode, UE should send SR in PUCCH for UL data transmission if SR resources are configured. Otherwise, UE should perform random access to request UL grant. However, the 4-step contention based random access may introduce larger signaling overhead.  For example, the signaling overhead of Msg 2 and Msg 4 is 7 bytes and 20 bytes, respectively. To improve the coverage for MTC UEs within coverage hole, much more resources will be needed, compared to SR transmission. Further, the collision probability of random access will increase significantly if there is a large number of MTC UEs or frequent UL traffic, resulting in a larger delay to UL resource request, if SR is replaced by random access. 
Observation #1: SR should be supported for MTC devices in a coverage-enhanced operation. 
2. ACK/NACK feedback
There were many discussions on possible removal of HARQ and PUCCH, and one alternative solution is RLC layer ARQ. However, RLC ARQ is triggered only after reaching the maximal number of HARQ transmission for normal UEs.  If HARQ is removed, a new rule should be designed to apply RLC ARQ for MTC UEs in bad coverage, otherwise RLC ARQ cannot work. Furthermore, RLC ARQ cannot contribute to coverage improvement since no redundancy gain can be obtained under RLC ARQ. 
If HARQ is transmitted in another channel, such as PUSCH, the resource overhead will be quite large to achieve similar performance of PUCCH format 1a/1b. Table 1 compares the resource overhead and ACK/NACK delay under the case that ACK/NACK is transmitted in PUCCH format 1a and PUSCH. For PUSCH, 1 bit payload with 24-bit CRC is assumed. The analysis is based on references to the evaluation in TR 36.888[1] and simulation results in next subsection. 
Observation #2: DL HARQ-ACK feedback in PUCCH should be supported for MTC devices in a coverage-enhanced operation.

Table 1   Resource overhead and delay comparison between PUCCH 1a and PUSCH 
	Physical channel name 
	PUCCH
	PUSCH 

	Maximum Coupling Loss for FDD (MCL) (dB) 
	147.2 
	140.7 

	Required improvement (dB) 
	8.5 
	15 

	Repetition number
	~25 
	>100  

	Resource overhead (RE)
	~2400
	>14400

	ACK/NACK delay (ms)
	~25 
	>100


3. CSI feedback

The main purpose for CSI feedback, including PMI, RI and CQI, is for link adaptation to allow eNB to schedule appropriate MCS/RI to UEs based on the fast fading conditions. However, the benefits may be limited for MTC UEs in a bad coverage as long-term pathloss dominates the performance. Diversity transmission will be appropriate for MTC UEs to guarantee the performance. Moreover, lowest MCS index with varying number of repetitions is expected to be the typical transmission scheme applied, without any need of additional MCS signaling. From this perspective, CSI feedback is not required and only PUCCH format 1a or 1b need to be enhanced for MTC UEs in bad coverage.  
Observation #3:  CSI feedback is not required for MTC UEs. 

From the above three observations, the following proposal is made
Proposal #1: The functionality of PUCCH SR and DL HARQ-ACK feedback should be supported by MTC UEs, and only PUCCH format 1a or 1b need to be enhanced for MTC UE coverage improvement. 
2.2. Simulation Results
Figure 1 shows PUCCH format 1a performance with different numbers of repetitions. It can be observed that 8.5dB coverage improvement for PUCCH 1a can be achieved by applying ~25 times repetitions. 
Observation #4: Coverage improvement of 8.5dB for PUCCH 1a can be achieved by around 25 repetitions in time domain, to meet the target of 15dB network coverage improvement.  
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Figure 1  PUCCH format 1a performance vs SNR with different repetition numbers
Table 2. Link-level simulation parameters for PUCCH
	Parameter
	Value

	System
	10 MHz, FDD, 2.0 GHz

	Physical Channel
	PUCCH format1a

	Antenna Configuration
	1x2 low correlation

	Channel Model
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100 Hz 

	Channel Estimation
	Realistic channel estimator

	Performance Target
	1% BER


3. PHICH 
3.1. Functionality
The functionality of PHICH is to feed back UL HARQ-ACK for PUSCH transmission.  During MTC SI phase, PHICH is de-prioritized and there was also no consensus whether to remove PHICH for MTC UEs in bad coverage or not. One alternative method is to replace PHICH with UL grant transmitted in PDCCH, which is similar to the case of relay. However, the number of relay nodes within a cell is much smaller than MTC UEs.  The resource overhead would be very larger if PHICH is replaced by UL grant, especially relative to a typically small TBS. 
Based on the simulation results in our companion paper [2] on PDCCH enhancement, the total resource overhead of a 27-bit DCI is 5760 REs assuming 20 repetitions to obtain the required 9.6dB coverage improvement. For PHICH, the coverage improvement is about 10.33dB, based on evaluation result in TR 36.824 [3]. Hence, 240~300 REs will likely be needed with 20~25 repetitions. 
Table 3   Comparison of PDCCH and PHICH MCL, Required improvement and Resource Overhead  
	Physical channel name 
	PHICH
	PDCCH 

	Maximum Coupling Loss for FDD (MCL) (dB) 
	145.37 [3] 
	146.1 

	Required improvement (dB) 
	10.33 
	9.6 

	Repetition 
	20~25
	~20

	Resource overhead (RE)
	240~300
	~5760 (8CCE per repetition)

	Note 1: The required improvement of PHICH and PDCCH is based on the PUSCH requirement (MCL is 140.7 dB, and required improvement is 15 dB).


Observation #5: PHICH requires much fewer resources than using PDCCH for UL HARQ-ACK.
Observation #6: PHICH repetition in time domain is a straightforward approach to improve PHICH coverage. 
From the above two observations, the following two proposals are made
Proposal #2: The functionality of UL HARQ-ACK feedback should be supported by MTC UEs, and PHICH should be enhanced for MTC UE coverage improvement. 
Proposal #3: PHICH repetition in time domain is a simple solution for coverage improvement. 
4. Conclusion
This paper discussed the functionality of PHICH and PUCCH, and presents some evaluation results based on repeated transmission for coverage improvement. Based on the simulation results and theoretical analysis, we have the following observations and proposals. 
Observation #1: SR should be supported for MTC devices in a coverage-enhanced operation.

Observation #2: DL HARQ-ACK feedback in PUCCH should be supported for MTC devices in a coverage-enhanced operation.

Observation #3:  CSI feedback is not required for MTC UEs. 

Observation #4: Coverage improvement of 8.5dB for PUCCH 1a can be achieved by around 25 repetitions in time domain, to meet the target of 15dB network coverage improvement. 

Observation #5: PHICH requires much fewer resources than using PDCCH for UL HARQ-ACK.

Observation #6: PHICH repetition in time domain is a straightforward approach to improve PHICH coverage. 
Proposal #1: The functionality of PUCCH SR and DL HARQ-ACK feedback should be supported by MTC UEs, and only PUCCH format 1a or 1b need to be enhanced for MTC UE coverage improvement. 

Proposal #2: The functionality of UL HARQ-ACK feedback should be supported by MTC UEs, and PHICH should be enhanced for MTC UE coverage improvement. 
Proposal #3: PHICH repetition in time domain is a simple solution for coverage improvement.
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