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Discussion and decision
1. Introduction
In the email discussion [1] on RRC parameters for EPDCCH it was suggested to include a parameter for defining the starting symbol for EPDCCH. The email discussion did not result in any consensus for defining such a parameter but the topic is important a conclusion will be needed for Rel-11 EPDCCH. This contribution discusses the performance of PCFICH in the range extension area and tries to evaluate the risk of losing PCFICH and hence the whole subframe and based on that have some conclusion of the necessity of configuring the starting symbol for EPDCCH.
2. Motivation
In the email discussion it was noted that: “In order to support heterogeneous deployments with large cell selection offsets, where the UE may not be able to reliably decode the PCFICH it is preferable if also the EPDCCH start position is possible to configure with the same UE specific configuration.” The concern here is clearly the range extension area, where the interference from the Macro cell CRS can be up to 9 dB stronger than the PCFICH transmission from the pico. There is a true concern for the PCFICH performance because in a typical case either the pico CRS (affecting channel estimation quality) or half of the PCFICH resources are subject to interference from the Macro cell CRSs (affecting interference on PCFICH) . Even worse, Macro occasionally sends PDCCH for PGI, SI, RACH in the ABS subframes and then PCFICH will be even more affected by interference.
3. Different scenarios to consider
There are two scenarios to consider when discussing the configuration of the starting symbol for EPDCCH, single carrier (self-scheduled) and carrier aggregation with x-scheduling. 
3.1
Single carrier operation and CA without x-scheduling
Comparing the two options for determining the starting symbol for single carrier operation as illustrated in Figure 1, we can note the following:

· Use of PCFICH for EPDCCH starting position
· Assumes PDSCH starts from the same position as EPDCCH
· Higher efficiency but also a higher probability that the starting symbol is decoded incorrectly

· In case the UE has not successfully decoded a PDCCH on the CSS it might have a wrong understanding of PCFICH and tries to decode EPDCCH from a wrong starting position

· Decoding ePDCCH from an incorrect starting symbol will fail because of rate matching around other signals

· Signalling the start of EPDCCH
· Assumes PDSCH starts from the same position

· Always correct starting symbol but lower efficiency / coverage for both control and data
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Figure 1. Single carrier operation with EPDCCH starting indication with PCFICH and configuration

3.2 Carrier aggregation with x-scheduling
For carrier aggregation the situation is a little easier due to the fact that we already have signalling for the starting symbol for PDSCH. Again, two options exist – EPDCCH starting position configured or based on PCFICH as illustrated in Figure 2.
· Use of PCFICH for EPDCCH starting position.

· PDSCH starts always from a configured position on another carrier as in Rel-10

· In case the UE has not successfully decoded a PDCCH on the CSS it might decode PCFICH incorrectly

· UE tries to decode EPDCCH from a wrong starting position

· Decoding ePDCCH from an incorrect starting symbol will fail

· High efficiency

· Signalling the start of EPDCCH

· Assumes PDSCH starts from a signalled position on another carrier as in Rel-10

· Always correct starting symbol but lower efficiency / coverage for both control and data
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Figure 2. x-scheduling with EPDCCH starting indication by PCFICH and configuration
4 Reliability of PCFICH and methods for improvements
In a heterogeneous network deployment with range extension area there might be up to 9 dB interference from the strongest interferer to the pico cell. Assuming a shift in the CRS from the interfering Macro cell in an ABS subframe, half of the REs in the PCFICH will be affected. Figure 2 shows the BLER for the pico cell for different interference scenarios assuming cell range expansion of up to 9dB (SIR=-9dB).

[image: image3]
Figure 3. PCFICH performance for the pico with different levels of interference.
Looking at the performance of a generic receiver being unaware of the CRS interference, we see that the performance especially for different v-shift is tremendously deterioriated compared to the no macro interference case.
Observation: Considering a target BLER of 10-3 and a v-shift in the CRS signals it is evident from the figure that the use of PCFICH for indicating the starting symbol is not feasible in RE area of a pico cell using a generic UE receiver being unaware of the CRS interference.
There are basically three solutions for this problem:
· Signaling of the starting symbol as discussed in section 3

· Receiver based methods

· Configuring the PHICH duration to three OFDM symbols

Receiver enhancements can be both interference cancellation as well as interference muting/puncturing. Both methods assume that the position of the interfering CRS is known as such. With a relatively simple interference muting receiver we can decode PCFICH at a BLER of 10-3 at SNR = -1 dB also for the case of different v-shift as shown in Fig. 3 (“puncturing”). In addition, power boosting of PCFICH can be applied to further enhance the reception.
We furthermore note that for further evolved ICIC it is assumed that signalling of the CRS configuration of nearest cells is available. Such signalling is needed in order to cancel the macro CRS interference to pico PDSCH. Therefore, as such advanced receiver is needed to receive the PDSCH, it is natural to expect that the UE would also be able to apply similar receiver structure to PCFICH reception. In this case, is clear that PCFICH decoding performance would not be limiting the use of CRE for the pico and should clearly outperform the simple interference muting receiver. To summarize, Table 1 compares the methods.
Table 1. Comparison of the EPDCCH starting signalling methods
	Methods
	Complexity
	Efficiency
	RAN1 standardization efforts

	UE-specific signaling of the start of EPDCCH
	Low
	Medium
	Low

	PCFICH based with receiver enhancements
	UE implementation dependent
	High 
	No

	PHICH duration of three symbols
	Feature already available
	Lower, the whole cell operates with a PDCCH region of 3 symbols
	Already included in standard


Observation: The PCFICH and PHICH methods do not require any standardization effort in RAN1
Observation: UE-specific signalling requires some standardization efforts in both RAN1 and RAN2
Observation: PCFICH based method with receiver enhancements has the highest efficiency and least standardization impact.

We should also notice that these methods are not mutual exclusive. For example the PHICH duration could be used independent of the support of the other two methods.
5 
Conclusions
It seems to be impossible to operate a pico cell in the RE area of a Macro without any additional measures taken to assist the UE in finding the starting symbol. 

Three methods for signalling the starting symbol for EPDCCH have been identified. Considering the advantages and disadvantages of the three methods discussed above and especially considering the sufficient PCFICH detection reliability, which can be achieved with rather simple receiver based methods, as CRS RE puncturing/muting, we suggest to adopt the determination of the EPDCCH starting position based on PCFICH. Based on these discussion we propose the following:
Proposal 1: The EPDCCH starting position is to be determined from PCFICH.
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