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1 Introduction

In order to deal with the control channel performance outage in HetNet, companies have discussed many kinds of solutions in previous RAN1 meetings. In the RAN1 #62 meeting the time-domain solution which belongs to partially orthogonal scheme was finally proposed as a baseline.
In this contribution, we would further analyze the PHICH, PCFICH and PDCCH performance issues and the possible enhancements based on TDM solutions.
2 Control channel performance issue and possible solutions
According to [1]-[2], we have analyzed and evaluated the characteristic of the candidate solutions for　CCH (Control Channel) enhancement. It is found the time-domain schemes have the limited performance improvement for the control channels and further enhancements are needed. Since PHICH decoding error would bring inaccurate A/N response and possibly with unnecessary PUSCH transmission, PCFICH decoding error would cause PDCCH detecting failure, it is very important to improve the control channel performance under the TDM conditions.
2.1 PHICH performance issue and possible solutions
The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICH channels mapped to the same set of resource elements constitute a PHICH group, where PHICH channels within the same PHICH group are separated through different orthogonal sequences [5]. The performance of PHICH is given as the following Figure 1 according to reference measurement channels for PHICH performance requirements in A.3.6 in [6] and the simulation assumptions in Appendix A1.
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Figure 1  Performance of the PHICH 
In the left sub-figure, it is assumed there are 3 PHICH channels per PHICH group and it is observed that the PHICH performance degrades much with the interference increasing from the neighbour cell CRS. When the interference increases up to 6dB, there is an error floor and the performance can not be satisfy the requirement. To enhance the PHICH performance, reducing the number of PHICH within a group is a straightforward way. The right sub-figure shows the enhanced PHICH performance with the same simulation assumptions except only one PHICH is used in a group. It is shown that the PHICH performance is greatly enhanced and can work even at severe interfered cases like 9dB at the cost of the multiplexing user number within one PHICH group. Moreover the enhancement would not introduce any specification efforts.
Therefore, reducing the number of PHICH channels within a group could enhance the PHICH performance without any specification impact.
2.2 PCFICH performance issue and possible solutions
The PCFICH performance with TDM solution was evaluated in [2]-[4] and was proved to perform badly no matter MBSFN or almost blank subframe is configured because at least the CRS in the first OFDM symbol in the aggressor cell should be reserved which makes trouble to the PCFICH in the victim cell. The PCFICH carries information of the number of OFDM symbols used for transmission of PDCCH and also indicates the PDSCH starting position in this subframe [5]. So the bad performance of PCFICH would affect that of PDCCH, PDSCH and it is necessary to enhance it beyond TDM solutions. The possible solutions are listed as the following:
· Fixed configuration
CFI value is designed to be able to dynamically change subframe by subframe in the current specification. For the detection reliability in the victim cell, setting the CFI to be predefined a certain value could eliminate the decoding uncertainty at the UE side. Furthermore to adapt the PDCCH region requirement, a looser value is preferred. With this configuration, there is no need of dynamic CFI detection and the CFI value is completely correct. However, the fixed region for PDCCH would cause resource waste in some cases. One possible method to solve this problem is to make the predefined CFI value is valid only in those subframes coordinated for the severe interfered UE scheduling by the TDM schemes while in the other subframes CFI value could still be dynamically configured as usual. As a result, the fixed value and the corresponding usage would introduce impact to the specification.
· Informed through RRC Signalling
When the UE needs to read the CFI value in the victim cell, it was proposed the information could be carried in the RRC signalling in [7]-[9]. It seems that more reliable performance could be obtained by RRC signalling. Unfortunately, to correctly decode the RRC signalling, the UE should firstly get the CFI value and then within the PDCCH region blindly decode the PDCCH for its RRC signalling that is transmitted in PDSCH. Thus the correctness of RRC signalling receipt depends on the correct decoding of the CFI value and PDCCH which actually is a chicken-egg problem. So it is hard to enhance the PCFICH performance through RRC signalling on one single carrier.
· Decoding with puncturing strongly interfered REs
A PCFICH would be mapped to 4 REG in the first OFDM symbol where one REG consists of 6 consecutive REs in the frequency domain. Within the 6 consecutive REs there are 2 REs for CRS mapping and 4 REs for the coded CFI value mapping. Under the condition of CRS frequency shifting between cells there would be 8 REs for the coded CFI value collided with the CRS in the neighbour cell as the Figure 2 shows. That is to say for the UEs in the victim cell, half of the REs for the coded CFI value would be interfered by the aggressor cell CRS. 
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Figure 2 Impact of neighbor cell CRS to the PCFICH
When the interference from neighbour cell CRS is too severe to make the corresponding victim cell RE offer effective information, it is better to decode the CFI value only with the residual REs which do not suffer severe interference. That is the REs which collide with the CRS location of the strongest interfering cell should be punctured from taking part in decoding.
In the following Figure 3, the PCFICH performance decoded by all of the REs, and decoded by only the interference-free REs excluding the severely interfered ones are compared in the left sub-figure. The simulation assumptions are shown in Appendix A1. It is observed that when the interfering CRS power level (xdB, x=0/6/9/12 denotes the ratio between the received interference power and the received signal power) is very high, CFI decoding without the polluted RE information (red line) could get better performance in higher SNR regions. At the same time, the PDCCH decoding could also use the similar disposal. The comparison of PCFICH and PDCCH joint decoding performance w/o the puncturing are compared in the right sub-figure with the same simulation assumption. It is observed the joint decoding performance is improved when puncturing the strongly interference REs in higher SNR regions too. In this simulation CFI value is typically configured as 2. Furthermore, better PCFICH/PDCCH joint decoding performance than the red line in the right sub-figure could be obtained when the CFI is 3 since the CRS interference from the aggressor cell is allocated on the first OFDM symbol and less ratio of PDCCH mapped RE number would be punctured. The similar simulation on the PDCCH decoding has been evaluated in [7] and it was also concluded puncturing of potentially strongly interfered resource elements in the receiver is an efficient way to limit the PDCCH degradation.
To benefit from the mentioned decoding with puncture, the UE should have the information of the CRS locations and the port number of the most severe interfering cell and the information to help make decision whether to puncture the severely interfered REs or not. The information could be explicitly indicated to the UE or judged by the UE itself. On the other hand, it is apparent the CFI value can still change subframe by subframe and no extra resource waste is introduced by this method. 
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Figure 3 Comparison of decoding w/o puncturing the strongly interfered REs
· Implicitly indicated by PHICH duration
There are normal and extended PHICH duration options as the Table 6.9.3-1 in [3] and one bit indicating the exact configuration in the PBCH. Currently, the value of CFI could not be smaller than the PHICH duration. Since the PBCH generally has better performance than PCFICH, implicitly indicating the CFI value by the PHICH duration value in the PBCH equals to improve the PCFICH performance. 
One possible way is to always configure the PHICH duration as the extended option so that after the UE detects this from the PBCH it would consider the CFI value as the available maximum value. For example if the system bandwidth is larger than 10PRB, when PHICH duration is 3 OFDM symbol the CFI value is sure to be 3. However, there is resource waste where the maximum value is always configured. One possible solution is to restrict the application only on those subframes coordinated for the severe interfered UE scheduling by the TDM solutions. In addition, setting certain one by one relationship between the CFI value and the PHICH duration could bring more flexible and appropriate resource usage according to the requirements. Furthermore, simultaneously restricting the application subframes and setting the relationship could get the resource usage more comfortable. 
The specification should guarantee the UE have the information of the relationship between CFI value and PHICH duration, as well as the implicit indicating application subframes. By this means the PCFICH detection performance is improved to as that of PBCH.
· Carried by other signals
If a UE served by the aggressor cell is allocated to handover to the victim cell, the control signals in the victim cell is hard to be decoded due to error CFI value detection, finally necessary messages from the victim cell is destined to be failed and invalid handover occurs. To get accurate CFI value in the victim cell, one possible way which is proposed in [10] is to carry the CFI value in other signals and other cells other than the PCFICH in the victim cell. It was proposed the victim cell uses a fixed CFI value and notifies this to the UE through the aggressor cell. Furthermore, the aggressor could inform the CFI value message to the UE through handover signalling (maybe including cell reselection signalling or RRC signalling). In addition, when a UE is trying to access the victim cell, the UE could access the aggressor cell firstly and then get the CFI value of the victim cell through the handover signalling. Thus the PCFICH performance is greatly improved since the handover signalling from the aggressor cell is much better. On the other hand, to escape frequent handover and the CFI value update, the CFI value in the victim had better invariant during long intervals and this would result in resource waste.
3 Conclusion
In this contribution, we analyzed the control channel performance in HetNet with TDM solutions. It is observed that the PHICH, PCFICH, PDCCH etc control channels performances need further enhancements. For the PHICH enhancement, reducing the number of PHICH with a group could enhance PHICH performance without any specification impact. As for PCFICH enhancements, the possible solutions are analyzed and compared as the Table 1 below.
Table 1 Possible PCFICH enhancement solutions comparision
	
	Specification Impact
	PCFICH decoding performance 
	Resource usage efficiency

	Fixed CFI configuration
	the fixed value and the corresponding usage predefined in specification
	Best
	Low

	Informed through RRC Signalling
	RRC signalling definition
	NA*
	NA*

	Decoding with selected information
	the UE should have the information of the CRS location in the most severe interfering cell and when to use the decoding without severely interfered REs
	Good
	High

	Implicitly indicated by PHICH duration
	the relationship between CFI value and PHICH duration and the corresponding usage predefined in specification
	Better
	Medium

	Carried by other signals
	handover signaling or RRC signaling in the aggressor cell inform the CFI value in the victim cell
	Best
	Medium


* NA here means there is no PCFICH performance enhancement and no need of comparison.
Based on the analysis and comparison, it is observed that:
For PHICH

· Reducing the number of PHICH channels within a group could enhance the PHICH performance without any specification impact.

For PCFICH

· Decoding with puncturing strongly interfered REs could enhance the PCFICH without introducing resource waste.
· Implicitly indicated by PHICH duration could improve the PCFICH performance up to equally as that of PBCH.

· CFI value carried by handover signaling is possible considering the tradeoff between PCFICH performance improvement and resource usage.
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Appendix A1: Simulation Assumptions for Figure 1
	Simulation parameters
	Value

	PHICH duration
	extended, 3 OFDM symbol

	Bandwidth
	10MHz

	Antenna configuration
	2Tx2Rx

	Channel model
	EPA channel

	Interfering cell configuration
	almost blank subframe, 2Tx port

	Interfering cell ID
	2

	Serving Cell ID
	0


Appendix A2: Simulation Assumptions for Figure 3
	Simulation parameters
	Value

	TX/RX ports
	2/2

	Channel bandwidth
	10MHz

	Control region size for the victim cell
	2 symbols

	Aggregation level
	8 CCE

	DCI format
	Format 1

	FDD payload (w/o CRC)
	31 bits

	Channel coding
	1/3 rate TBCC with rate matching

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	PHICH duration
	Normal, that is only the first OFDM symbol is allocated to PHICH 

	Number of PHICH groups
	Ng=1

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame (all subframes occupied)

	Channel model
	EPA

	Channel estimation
	Wiener channel estimation

	Doppler frequency shift 
	0.75Hz
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