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1 Introduction

At the RAN1#67 meeting, the motivation of enhanced physical downlink control channel (E-PDCCH) was discussed and the following working assumptions were agreed [1]:
	· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs




In this contribution, we provide our initial views on the design and performance aspects of E-PDCCH.
2 Discussion
It is challenging to design a brand new PDCCH function, which should satisfy all the objectives listed above. In our view, it is more desirable to investigate possible enhancements based on the existing LTE/LTE-A functionalities. This helps to reduce design and specification efforts, as well as to maximize backward compatibility.
In Rel-10, R-PDCCH was introduced for relay backhaul link [2], which multiplexes with PDSCH in frequency domain and coexists with the legacy PDCCH in time domain. Therefore, it essentially supports frequency-domain inter-cell interference coordination (ICIC) and has no impact on legacy UEs. Such characteristics are favourable from ICIC perspective in heterogeneous networks (HetNet) [3]. Furthermore, the demodulation reference signals (DM-RS) can also be used in R-PDCCH, which enables beamforming and transmission in MBSFN subframes. Due to its notable benefits, such kind of frequency-domain based solution should be considered as a starting point for E-PDCCH design in Rel-11.
Proposal 1: Frequency-domain based solutions should be considered as the baseline for E-PDCCH design in Rel-11.
However, a critical difference between Rel-11 E-PDCCH and Rel-10 R-PDCCH is that the former targets Rel-11UEs, which travel under mobile and varying channel conditions, while the latter was designed for Rel-10 relay node, which is deployed by operator in a fixed location under almost unchanged channel conditions. Therefore, the design of E-PDCCH should ensure robust transmissions.
Due to the abovementioned mobile environment, reliable channel state information (CSI) may not always be available at eNB, especially in high-mobility environment. Furthermore, under some case such as when semi-static E-PDCCH is configured, the frequency selective scheduling gain may not be fully exploited. Consequently, the performance of the E-PDCCH may be significantly degraded, especially in the case of single PRB assignment. In this case, spatial and frequency diversity gain should be maximized for tackling the above issues. Cell-specific reference signals (CRS) based E-PDCCH schemes may be helpful under such circumstances and thus should be evaluated and supported.
In the following section, we will provide evaluation results of frequency-domain based E-PDCCH in comparison to legacy PDCCH.

3 Simulation results
The simulation assumptions are given in Table 1 in the Appendix. The antenna configuration of 2x2 and 2-Tx transmit diversity were used for both the legacy PDCCH and E-PDCCH, and three OFDM symbols were assumed for legacy PDCCH in one subframe. The aggregation levels of 1, 2, 4, and 8 control channel elements (CCEs), which corresponds to 36, 72, 144, 288 REs, respectively, were evaluated for legacy PDCCH. For the E-PDCCH, the size of CCE was mapped to 44 REs, which is slightly different from that of legacy PDCCH, in order to be mapped to the first slot of the PRB dedicated for E-PDCCH. It was assumed that the payload size of the DCI is also the same for both legacy PDCCH and E-PDCCH.
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Fig. 1: PRB mapping in frequency domain.
In our link-level simulations, all the aggregated PRBs assigned for E-PDCCH are evenly distributed over the whole frequency bandwidth as shown in Fig. 1. Two schemes for mapping DCI to E-PDCCH were assumed in this simulation:

· Scheme-1: No cross interleaving is applied. The DCI was firstly mapped to one PRB, and was spanned to multiple PRB if more than one PRB is required;

· Scheme-2: The second scheme is similar to Scheme-1, except that cross interleaving was applied for the UE whose aggregation level is less than four. The interleaving was done across the four subbands.
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Fig. 2: Performance comparison in EPA channel.
Fig. 2 shows the performance comparison between the legacy PDCCH and E-PDCCH in the enhanced pedestrian A (EPA) channel. The block error rate (BLER) is plotted as a function of the received SNR for different aggregation levels. In Scheme-1, the performance of the E-PDCCH is much worse than that of the legacy PDCCH in the single CCE case, due to the low frequency diversity gain. In two CCEs case, the performance loss is mitigated, thanks to the half-bandwidth diversity gain. When the number of CCEs increased to four and eight, the performance of E-PDCCH outperforms that of the legacy PDCCH, mainly because of the lower code rate of E-PDCCH in the simulation assumptions. By employing Scheme-2 for E-PDCCH, the performance of E-PDCCH is better than that of the legacy PDCCH even for the single CCE scenario, since in this case the frequency and interleave diversity can be exploited.
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Fig. 3: Performance comparison in ETU channel assuming UE speed of 3 kmph.
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Fig. 4: Performance comparison in ETU channel assuming UE speed of 30 kmph.
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Fig. 5: Performance comparison in ETU channel assuming UE speed of 120 kmph.
In Fig. 3, Fig. 4, and Fig. 5, we compare the performances between the legacy PDCCH and E-PDCCH under the enhanced typical urban (ETU) channel, assuming the UE speed of 3 kmph, 30 kmph and 120 kmph, respectively. A similar trends as those observed in the EPA channel model can be identified. However, even with four PRBs mapping, the performance of the E-PDCCH is still slightly worse than that of legacy PDCCH. This is due to the less availability of frequency diversity in the ETU channel compared to the EPA channel. Nevertheless, the performance of E-PDCCH can be significantly improved, if Scheme-2 (i.e. cross interleaving) is employed. More specifically, the enhanced E-PDCCH results are comparable to or better than that of the legacy PDCCH in the ETU channel.
Based on the above simulation results, we can conclude that frequency diversity plays a key role for DCI at low aggregation levels. A scheme that can maximize the exploitation of frequency diversity, such as cross interleaving, should be supported. According to our simulation results, it suggests that at least a subband diversity order of four is needed.
Proposal 2: A scheme that can exploit sufficient frequency diversity, especially when the aggregation level is less than four, should be supported in E-PDCCH for Rel-11.
4 Conclusion

In this contribution, we provided our initial views on the E-PDCCH design, and evaluated the performances of frequency-domain based E-PDCCH. Based on the evaluation results and discussions, we suggest that:
Proposal 1: Frequency-domain based solutions should be considered as the baseline for E-PDCCH design in Rel-11.
Proposal 2: A scheme that can exploit sufficient frequency diversity, especially when the aggregation level is less than four, should be supported in E-PDCCH for Rel-11.
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Appendix A: Link-level simulation assumptions
Table 1: Link-level simulation assumptions.
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2 x 2

	PDCCH/PDSCH configuration
	3 OFDM symbols for PDCCH, 11 for PDSCH

	E-PDCCH configuration
	3 OFDM symbol for legacy PDCCH channels, 4 for E-PDCCH, 7 for PDSCH

	Channel model
	ETU, EPA

	UE velocity
	3 kmph, 30 kmph, 120 kmph

	Transmission mode
	2-Tx transmit diversity (SFBC)

	Modulation and coding
	QPSK, coding rate subject to CCE size and aggregation level

	DCI format
	DCI 1A

	Number of allocated PRBs
	E-PDCCH:

Aggregation {1, 2, 4, 8} = {1, 2, 4, 8} PRBs

	CRS configuration
	2 CRS ports

	Channel estimation
	LS-based, realistic
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