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1 Introduction

The almost blank subframe was agreed to be as a baseline to deal with control channel performance outage in HetNet for the macro-pico case [1]. We have analyzed and evaluated the characteristic of the time-domain solutions in [2]-[3] and it is found the time-domain schemes have the limited performance improvement for some control channels and further enhancements are needed especially for PCFICH performance since PCFICH decoding failure would cause PDCCH detecting failure as well as invalid PDSCH transmission. 
In the RAN1 recently passed #62bis meeting, semi-static indication of PCFICH value was suggested to enhance the PCFICH performance. On the other hand, the possible processing also can improve control channel performance including PCFICH. This contribution will analyze the PCFICH performance issues and the corresponding possible solutions.
2 PCFICH performance issues
The PCFICH performance with TDM solution was evaluated in [3]-[5] 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. In addition, when the necessary PDCCH for SIB1/Paging etc is transmitted in the aggressor cell the damage suffered by the victim cell PCFICH is even severer. At the same time, 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 [6]. Therefore the performance of PCFICH has to be enhanced to guarantee the victim UE performance even almost blank subframe is configured in the aggressor cell.
Generally for macro-pico case, there are two scenarios that need to be considered for PCFICH enhancement while RE is adopted as shown in the Fig. 1.

Scenario 1: UE1 who is served by the Macro eNB is moving into the RE area and allocated to handover to the Pico eNB as shown in the left sub-figure. When it enters into the RE area like in the right sub-figure.
Scenario 2: UE2 who is served by the Pico eNB is moving from the Pico cell center area to RE area which is shown as the left sub-figure.

In both scenarios, while UE enters into the RE area, the control signals from the Pico eNB is hard to be correctly decoded due to error CFI value detection caused by the interference from the Macro eNB.

Note: In the Fig. 1, the RE area means when RE is used, UEs in this area would be served by the Pico eNB while when non-RE is used, these UEs used to be served by the Macro eNB.
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Fig. 1 Scenarios of the bad PCFICH detection performance 

We would list and analyze the possible PCFICH performance enhancement solutions for the above two scenarios in detail.
3 Possible solutions for PCFICH performance enhancement
In the following of this section the possible solutions including semi-static indication of PCFICH schemes and a kind of processing schemes are compared from aspects of PCFICH decoding performance, specification impact, resource usage, compatibility for the two scenarios and etc. 
3.1 Semi-static indication of PCFICH 
As for the semi-static indication of PCFICH value, the possible solutions are listed as below.
· Informed by the victim cell RRC signalling
It is straightforward to utilize RRC signaling to carry semi-static PCFICH value like proposed in [7]-[10]. However, to correctly decode the RRC signalling, the UE should firstly get the CFI value and then decode the PDCCH for its RRC data scheduling indicator. Thus the correct RRC signalling receipt depends on the correct decoding of the CFI value and PDCCH which actually is a chicken-egg problem in scenario 1 (UE moves from macro cell to pico cell).  Thus, the RRC signalling carried by victim cell is only valid for scenario 2 in which the CFI value of the victim cell is possibly signaled by the RRC signaling before the UE2 moves into the RE area.
· Informed by the aggressor cell signalling
For the UE1 in the scenario1, to get accurate CFI value in the victim cell, one possible way which was proposed in [11] is that the victim cell starts to use a fixed control region size, and notify the handover UE of its control region size through the aggressor cell. That is, the aggressor could inform the CFI value message to the UE through handover signaling or other RRC signaling. Thus the PCFICH performance is greatly improved since the handover signaling from the aggressor cell is much better. In addition, an idle UE who is willing to access the victim cell could also camp in the aggressor cell and then get the CFI value of the victim cell through the cell reselection signaling..
In addition, the semi-statically indicated CFI value could only valid in those subframes coordinated for the severe interfered UE scheduling by the TDM solutions while in other subframes the CFI value could be detected through PCFICH decoding as before which results in more effective resource utilization. For the scenario 2, the UE2 is independent of the aggressor link and the corresponding mechanism is incapable of the CFI value indication at all.
· Implicitly indicated by PHICH duration
There are normal and extended PHICH duration options as the Table 6.9.3-1 in [6] and one bit indicating the exact configuration in the PBCH. 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 can improve the PCFICH performance. 

One possible way is to always configure the PHICH duration as the extended option so that after UE would consider the CFI value as the available maximum value as mentioned in [4]. 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 while the maximum resource is always reserved. 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.

This mechanism is suitable for both scenarios. As for the specification, it 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. On the other hand, the PBCH performance in the two scenarios is also degraded due to the aggressor cell interference and the performance improvement of PCFICH also depends on that of PBCH.

3.2 Decoding with discarding strongly interfered REs
In this sub-section, decoding with discarding strongly interfered REs would be analyzed.
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 neighbor cell as the Fig. 2 shows. Thus for the victim UE, half of the PCFICH REs would be interfered by the aggressor cell CRS. 

[image: image2.emf]t

f

Non-interferred 

PCFICH RE

CRS

RE

……

……

……

……

……

Interferred 

PCFICH  RE

Aggressor cell Vicitm cell

……

……

……

……

……

Aggressor cell

Vicitm cell


Fig. 2 Impact of neighbor cell CRS to the PCFICH
When the interference from neighbor cell CRS is too strong to make the corresponding victim cell RE offer effective information, it is better to drop these REs and only use the residual REs with low-interference or non-interference That is the REs which collide with the CRS location of the strongest interfering cell should be preclude from taking part in decoding. At the transmitting side, the PCFICH transmission does not change considering backwards compatibility and decoding performance of the interference-free users.
In Fig. 3, the PCFICH performances based on all of the REs, and only the interference-free REs are shown 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 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 processing. The comparison of PCFICH and PDCCH joint decoding performance w/o the discarding are shown in the right sub-figure with the same simulation assumptions. It is observed the joint decoding performance is also improved. 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 only allocated on the first OFDM symbol and less ratio of PDCCH mapped RE number would be severely polluted and punctured. The similar simulation on the PDCCH decoding has been evaluated in [7] and it also concluded diacarding of potentially strongly interfered REs is an efficient way to limit the PDCCH degradation.

Both of the two scenarios could benefit from this scheme. To accomplish this 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 discard the severely interfered REs or not. By this scheme, the CFI value can still change subframe by subframe and no extra resource waste is introduced. However, besides the specification impact, the UE receiver capability and complexity is introduced.
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(a) PCFICH performace w/o puncturing the strongly interfered REs
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(b) PCFICH/PDCCH joint performace w/o puncturing the strongly interfered REs
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Fig. 3 Comparison of decoding w/o puncturing the strongly interfered REs
4 Conclusion
In this contribution, we analyzed the PCFICH performance in HetNet with TDM schemes. It is observed that two scenarios should be considered in the 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
	Compatibility for the two scenarios

	Informed by the victim cell RRC signalling
	RRC signalling definition
	Best
	Medium
	No (Only for the scenario 2)

	Informed by the aggressor cell signalling
	handover signaling or RRC signaling in the aggressor cell inform the CFI value in the victim cell
	Best
	Medium
	No(Only for the scenario 1)

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

	Decoding with discarding strongly interfered REs
	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
	Yes


Considering the PCFICH decoding performance, specification impact, resource usage, compatibility for the two scenarios and etc, two proposals are given as below:
· Semi-static CFI value indicated by victim cell RRC signalling and aggressor cell signalling is proposed to enhance PCFICH performance in both scenarios.
· Discarding strongly interfered REs in receiver could enhance the PCFICH performance without introducing resource waste.
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Appendix A1: Simulation Assumptions for Fig. 3
	Simulation parameters
	Value

	TX/RX ports
	2/2

	Channel bandwidth
	10MHz

	Control region size for the victim cell
	2 symbols

	Interfering cell configuration
	almost blank subframe, 2Tx port

	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

	Interfering cell ID
	2

	Serving Cell ID
	0
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