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1 Introduction 
It was agreed in RAN plenary #51 that further enhanced non-CA based ICIC for LTE will be studied for Rel-11 as a work item [1]. Specifically, one objective of this WI is to address the impact of legacy transmissions in almost blank subframes (ABS) on control/data channel. In a heterogeneous network a UE may communicate with a weak cell due to range expansion or CSG. Typically a CRE (cell range expansion) bias is introduced to enable the range expansion. Although the aggressor cell blanks the transmission or reduces the transmit power as much as possible during ABSs, CRS has to be transmitted to avoid the impact of channel estimation and RRM/RLM/CQI measurement on legacy UEs. During the Rel-10 eICIC discussion, a number of contributions [2]-[7] have shown that the CRS transmission from the aggressor cell could degrade the demodulation performance of all the control/data channels at the victim UE, including PCFICH, PHICH, PDCCH, and PDSCH. The degradation on PHICH/PDCCH/PDSCH could be small as these channels can be transmitted over multiple OFDM symbols and beyond the CRS-polluted OFDM symbols. However severe degradation was observed for PCFICH detection [2] as PCFICH is transmitted in the first OFDM symbol only and experiences significant interference from CRS. In this paper, we discuss the impact of the CRE bias to PCFICH detection. We also discuss Rx-based solutions as well as Tx-based solutions that allow a victim UE (a pico UE in the range expansion area or a non-member UE in the coverage area of a CSG) to reliably obtain the victim cell’s control region size.
2 Discussion
2.1 Impact of CRE bias and enhanced UE receiver
For a UE attached to a victim cell, the PCFICH symbols transmitted by the victim cell are corrupted by the CRS symbols transmitted by the aggressor cell. As shown in Figure 1, assuming that the CRSs from the macro and pico don’t collide, half of the PCFICH symbols are corrupted by the macro’s CRS if the macro cell is configured with more than one CRS port. 

To improve the PCFICH detection at the victim UE, it has been suggested to discard the strongly interfered resource elements (RE) and use only the REs with no interference or low interference for decoding [4]. It makes sense that the UE discards the corrupted REs when the CRS interference from the aggressor cell is very strong and that the UE takes all the REs into decoding when the CRS interference is low. However, when the CRS interference is intermediate strong, it may be beneficial to partially take the corrupted REs into decoding. Therefore, to further improve the detection performance, we may use the following enhanced PCFICH decoder which adaptively combines the corrupted and non-corrupted REs based on their respective reliabilities. The enhanced decoder weights the corrupted REs less as the interference level increases.
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Figure 1 CRS transmitted from the Macro cell interfering with PCFICH transmitted by Pico cell
As shown in Figure 1, the CRS corrupts either even or odd PCFICH symbols if the aggressor cell is configured with more than one CRS port. To detect the CFI value, the UE calculates the following metric [image: image3.png]M3
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 is the estimated channel weight between the UE and the pico eNB at [image: image20.png]
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 represents the transmitted PCFICH QPSK symbol at [image: image24.png]
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 are the reliability based scaling factors for M1 and M2 respectively. With this reliability-based decoder, the UE does not have to decide whether the interference level is strong enough to discard part of the REs. Figure 2  shows the PCFICH word error rate (WER) performance of the enhanced decoder as well as the legacy decoder.
· Legacy UE receiver: The UE takes all the REs, calculates the metric [image: image30.png]M(i) = M1(i) + M2(i)



, and chooses the CFI value [image: image32.png]


 which gives the lowest metric [image: image34.png]
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· Enhanced receiver: The UE takes all the REs, calculates the metric [image: image36.png]M3(i) = B ML) + B,M2(i0)



, and chooses the CFI value [image: image38.png]


 which gives the lowest metric [image: image40.png]M3
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From the figure, it is obvious that the enhanced receiver has a better performance than the legacy receiver. Furthermore, even with the enhanced receiver there is still approximately 3dB loss at low SIRs compared to the case of no CRS interference.
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Figure 2 Required SNR as a function of SIR

Though the enhanced receiver offer good performance it involves extra UE processing to calculate the reliability metric, which may be complex and result in UE’s battery drain. To save the UE battery and processing, the network may provide some information to help the UE to choose an appropriate receiver algorithm. For example, the network may indicate the ABS information via some reliable channel such as PBCH such that the UE could limit the use of the enhanced receiver only during the ABS. 
While Figure 2 shows the PCFICH performance of a single link, now we look at the PCFICH performance from a system-level perspective. Figure 3 shows the performance of legacy receiver and the enhanced receiver as a function of CRE bias value for the system setup as outlined in Appendix A. In the simulation there are 57 macro cells. One pico cell is deployed in the centre macro cell at the half of the cell radius and a large number of UEs are dropped around the pico. The number of UEs associated with the pico increases as we increase the CRE bias value. When a UE is attached to the pico and the dominant interference is caused by the centre macro cell, PCFICH WER is evaluated assuming that the macro eNB is transmitting ABS subframes during that period. The percentage of UEs which are served by the pico cell which experience PCFICH WER of more than 1% are plotted as a function of the CRE bias. It is evident that the advanced receiver offers advantage of up to a maximum of 8% improvement at high CRE bias. Furthermore, we observe that even with the enhanced receiver there are a significant number of UEs whose PCFICH error rates are more than 1% at a high CRE bias value. Note that the results will vary depending on the location of the pico. If we move the pico further closer to the macro, the number of UEs experiencing PCFICH error rate more than 1% will reduce as the interferences from surrounding macro cells are reduced.
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Figure 3 PCFICH performance as a function of CRE bias
2.2 Possible Tx-based solutions
The results from the previous section show that the UE may not decode PCFICH reliably even with the advanced receiver. To make sure that the victim UE can obtain the control size reliably, a Tx-based solution can be designed as a secondary mechanism to deliver the control size information besides PCFICH so that the UE could obtain the control size without PCFICH detection. Some possible Tx-based solutions are described as follows.
· Implicitly indicate the CFI value by PHICH duration [3]

 REF _Ref294507544 \r \h 
[4]. For a system bandwidth > 10RBs, we can always configure extended PHICH duration with 3 OFDM symbols. Since the control region size cannot be smaller than the PHICH duration and for a bandwidth > 10RBs the maximum control region size is 3 OFDM symbol, the UE would automatically know the control size to be 3 without relying on PCFICH detection. The PHICH duration is indicated in PBCH which generally has a better performance than PCFICH, hence it is envisioned that the victim UE could know the control size reliably. This implicit approach is simple without any specification change. However the drawback is that the control region has to occupy the maximum amount of resources which causes resource waste. In addition the PHICH duration broadcast in PBCH is not envisioned to change frequently and hence this approach cannot be enabled on a subframe basis. For example it would be impossible to configure extended PHICH duration for selective subframes when UEs in range expansion area are being scheduled. Furthermore this approach does not work for the case of system bandwidth <= 10 RBs. For a system bandwidth <= 10 RBs, with extended PHICH configuration ambiguity exists as the control region size could be either 3 or 4 OFDM symbols.
· The victim cell uses a static or semi-static control region size when there are UEs in the range expansion area. A static control size can be defined in the specification. A semi-static control size can be either broadcast in PBCH or set to be the same as the PHICH duration which is broadcast in PBCH. To allow flexible control sizes in the victim cell, the victim cell may not use the static/semi-static control size for all the subframes when there are UEs in the range expansion area. The victim cell may use the static/semi-static size only during the subframes that the UEs in range expansion area are being scheduled and during the subframes transmitting paging/SIB/RACH messages. The UE would assume the static/semi-static control size for all the subframes when it is in range expansion area. For the subframes that the victim cell does not use the static/semi-static size while the UE assumes the static/semi-static size, the UE will not be able to decode the PDCCH correctly but it will not impact the UE’s performance as the UE is not being scheduled anyway. To let the UE know whether it is in range expansion area, for connected UEs RRC signalling can be used. For example, if the UE moves from the macro area into the pico range expansion area or moves from the pico range expansion area into the macro area, one bit in the handover command can be used to enable/disable the static/semi-static control size. If the UE moves from the pico center area into the pico range expansion area or moves from the pico range expansion area into the pico centre area, RRCConnectionReconfiguration message can be sent to the UE with one bit to enable/disable the static/semi-static size. For idle UEs, the UE could autonomously tell whether it is in range expansion area via neighbour cell measurements and hence enable/disable the static/semi-static control size. The static/semi-static control size approach is simple but it is only applicable to new Rel-11 UEs. A number of contributions [4]

 REF _Ref294507427 \r \h 
[5] have mentioned to use RRC signalling to inform the semi-static control size. From the perspective of supporting idle UEs in range expansion, a static control size defined in the specification or a semi-static control size conveyed by PBCH may be preferred. 
· The victim cell could also send the control size information on some other REGs besides PCFICH. For example, some of the PHICH resources can be used to transmit CFI value. The PHICH configuration is broadcast in PBCH and hence both the connected and idle UEs will be able to access the PHICH resources after PBCH reading. If the PHICH resource is used for CFI transmission, the corresponding PHICH resource shall not be used for ACK/NACK transmission. In LTE, PHICH resource is derived with the lowest index of the scheduled PRBs for PUSCH transmission and DM_RS index. If a proper DM_RS index is selected, the victim cell eNB can avoid using the PHICH resources reserved for CFI transmission without the constraint in PUSCH scheduling. Extra PHICH resources can be reserved with a bigger [image: image44.png]


 than necessary to support active UEs. The PHICH resource reserved for CFI transmission can be defined in the specification or configured via higher layer signalling. However, in the latter case, it is not possible to apply for the idle mode UE unless it is transmitted in PBCH.
3 Conclusion 
In this paper, we looked at the impact of CRE bias to PCFICH detection. We also discussed both Tx-based and Rx-based solutions to mitigate the dominant interference of the PCFICH. In general, for most of the Tx-based solutions, the specification change is expected and the legacy UEs cannot benefit from the scheme. However, some of the Tx-based solutions may not incur much receiver complexity (e.g., the scheme of static fixed control size). For the Rx-based scheme, the specification change can be minimized. Further, with possible simple network aided information, e.g., enable/disable of the advanced PCFICH detector, concerns such as the battery drain could be mitigated. From our results, it looks like that the Rx-based solution may not be sufficient and Tx-based solutions may be needed. 
Proposal: RAN1 should further investigate the PCFICH reliability issue and discuss the potential Tx-based solutions.
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Appendix A: System simulation set-up
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Figure 4 System simulation setup
As depicted in Figure 4, the pico eNB is placed 0.25 ISD away from the center macro cell. UEs are randomly dropped around the pico eNB and are attached to the pico based on the defined CRE bias. When a UE is attached to the pico and the dominant interference is caused by the center macro cell, PCFICH WER is evaluated assuming that the macro eNB is transmitting ABS subframes during that period. The signals received from other macro cells surrounding the pico cell are treated as additional noise.
	Parameter
	Value

	ISD
	0.5km

	Distance dependent path loss

Macro to UE
Pico to UE
	PLNLOS(R)= 131.1+42.8log10(R)

PLNLOS(R)=145.4+37.5log10(R)

	Antenna Gain
Macro

Pico
	14 dBi

5 dBi

	Maximum transmit power
Macro

Pico
	46dBm

30dBm

	Noise Figure of the UE
	8 dB

	Standard deviation of shadow loss
	8dB (Macro)/ 10 dB (Pico)

	CRE bias
	0 – 20 dB 


	Cell ID 
	Macro cell ID = 0

Pico cell ID =2

	Channel model 
	ETU-30

	Channel estimation
	Realistic 
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