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1. Introduction

At the RAN1 #67 meeting in San Francisco, USA the following agreement was reached:
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

In this contribution, we focus our attention on the distributed case and analyze various transmission schemes for high-mobility scenarios where the UE travels at high speed. Irrespective of whether channel state information is available at the eNodeB for a given UE, we assume that no CSI is used for dynamic modulation and coding scheme or precoder adaptation at the transmitting end. Notwithstanding, any such CSI—though potentially outdated—could be used by the eNodeB to improve link reliability, e.g., by means of frequency-selective resource allocation or feedback-based precoder adaptation. Due to the high mobility of the UEs considered in this study we refrain, however, from using any feedback that could assist the eNodeB to obtain a thorough understanding of the robustness of the proposed procedures.
2. General Structure of enhanced Physical Downlink Control Channel
The general structure of the baseband signal processing for the enhanced physical downlink control channel we consider is depicted in Figure 1. For the sake of exposition, whenever the signal flow differs from the current control channel design in Release 10, this is indicated in Figure 1.
As mentioned in the introduction, the motivation for this study is the analysis of the robustness of several transmission schemes envisaged for a novel control channel in Rel. 11. We will thus detail the layer-mapping, precoding, and resource element mapping pertinent to random beamforming and space-frequency block coding (SFBC), two schemes that do not require channel state information at the transmitting end. For the definition of control channel elements and resource element groups, which carry the downlink control information, we refer to Appendix C. 
2.1. Random Beamforming
For random beamforming, the eNodeB selects a random or pseudo-random codebook index according to Table 6.3.4.2.3-2 in TS 36.211. The codebook index used in a given frequency resource is constant for one sub-frame but changes from PRB to PRB in frequency and from sub-frame to sub-frame in time, respectively. Since DMRS-based channel estimation is assumed, the precoding scheme is a standardization-agnostic eNodeB implementation issue already supported in Release 10, however, we assume that codebook-based precoding is employed. In other words, the eNodeB cycles through the rows of Table 6.3.4.2.3-2 in TS 36.211 in a deterministic fashion. More advanced cycling patterns that improve the performance of random beamforming are possible and beyond the scope of this analysis.
Depending on the number of configured DMRS ports ν, the UE observes a ν×ν-dimensional virtual channel where ν is the number of layers/ antenna ports, respectively. If no SFBC is employed, ν = 1. Otherwise, ν = 2. It is assumed that the eNodeB has four transmit antennas and that the reference signals are transmitted on antenna port 7 for ν = 1 and on antenna ports 7 and 8 for ν = 2.
The mapping to resource elements follows Sections 6.3.5 and 6.4 in TS 36.211.
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2.2. Space-Frequency Block Coding
Transmit diversity for ePDCCH by means of space-frequency block coding is similar to the procedures outlined in Sections 6.3.3.3 and 6.3.4.3 for the PDSCH, however, instead of using antenna ports pϵ{0,1} antenna ports pϵ{7,8} are used. Furthermore, ePDCCH needs to be rate matched around so-called orphan REs present in OFDM symbols carrying DMRS due to the odd number of REs that are available for DCI transmission in these symbols.
The mapping to resource elements follows Sections 6.3.5 and 6.4 in TS 36.211 with the additional constraint of unused orphan REs. 
3. Performance Comparison of PDCCH and ePDCCH
We compare the performance of random beamforming with and without Rel. 10 transmit diversity (TxD) schemes in terms of the ePDCCH block error rate for aggregation levels 2, 4, and 8 for the case of four transmit antennas and fast moving UEs. The results are obtained by means of link-level simulations using the parameters and assumptions detailed in Appendix A. In this section, the ePDCCH is allocated four PRB pairs distributed across the entire system bandwidth. Additional results where the ePDCCH only spans a single PRB pair can be found in Appendix B.
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Figure 2: ePDCCH block error rate for distributed allocation across four PRBs and aggregation level 8.
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Figure 3: ePDCCH block error rate for distributed allocation across four PRBs and aggregation level 4.
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Figure 4: ePDCCH block error rate for distributed allocation across four PRBs and aggregation level 2.
As can be seen in Figures 2 to 4, random beamforming without TxD outperforms TxD over most of the considered SNR regime. Particularly for large aggregation levels, cf. Figure 2, REG-level interleaving provides sufficient frequency diversity. Even for smaller aggregation levels, TxD outperforms pure random beamforming only in excess of 0dB average received SNR. Since TxD provides additional transmit diversity, viz., a more pronounced slope of the BLER over the SNR, the two curves in each plot eventually have to cross. However, for low to moderate SNR, TxD suffers from re-using DMRS antenna port 7 for the additional layer which is required to facilitate TxD. This results in less reliable channel estimates and an overall worsened system performance. Only for high SNRs, where the quality of the DMRS-based channel estimates on ports 7 and 8 is improved,  can this effect be offset through the additional gain transmit diversity provides in addition to random beamforming and REG-level interleaving. Note that neither scheme requires any CSI feedback at the eNodeB for scheduling or link adaptation but only pure random beamforming can be applied for distributed ePDCCH transmission without additional specification. The transmit diversity scheme presented here, on the other hand, would require a significant effort in new specification for DMRS-based TxD has not been used in any prior LTE release.
Proposal: 
Carefully consider if DMRS-based TxD is needed for ePDCCH transmissions with small aggregation levels and/or small PRB allocations.
4. Conclusion

In this contribution, we presented link-level simulations for the high-speed scenario where downlink control information is transmitted using random beamforming with and without transmit diversity techniques. Since TxD only provides gains for low aggregation levels at high SNR, it seems sufficient to rely on frequency diversity provided by REG-level based interleaving. Hence, it should be carefully considered if DMRS-based TxD is needed for ePDCCH transmissions with small aggregation levels and/or small PRB allocations, particularly in the light of the additional specifications needed to facilitate DMRS-based TxD. In contrast, when the ePDCCH spans multiple PRB pairs across the entire system bandwidth, DMRS-based random beamforming provides sufficient frequency diversity without the need for CSI feedback from the UE. Notwithstanding, any such CSI—including CQI as well as RMI or RI feedback—can be used by the eNodeB even for high mobility in an implementation-specific manner. 
5. Appendix A — Simulation Parameters
	simulation parameter
	description / value

	carrier frequency
	2 GHz

	system bandwidth
	10 MHz

	antenna configuration
	4 Tx / 2 Rx (ULA with half-wavelength spacing)

	channel model
	SCM

	UE velocity
	120 km/h

	PDSCH configuration
	11 OFDM symbols per sub-frame

	DCI payload
	42 bits

	CCE definition
	36 resource elements

	transmission mode
	distributed mapping across 4 PRBs [12, 21, 30, 39]

	modulation and coding
	fixed MCS (QPSK, rate 1/3 CC)

	layer-mapping & precoding
	· random beamforming with different precoder per PRB

· space-frequency block coding (SFBC) optional

· precoders according to Table 6.3.4.2.3-2 in TS 36.211

	number of antenna ports (P)/ layers (ν)
	P = ν = 1 without SFBC; P = ν = 2 with SFBC

	CSI-RS overhead
	CSI-RS configuration 0; 5 ms duty cycle

	DM-RS configuration
	antenna port {7} without SFBC; antenna ports {7,8} with SFBC

	CQI/PMI reporting mode
	no CSI assumed at transmitting end

	channel estimation
	non-ideal DMRS-based


6. Appendix B — Additional Simulation Results
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Figure 5: ePDCCH block error rate for distributed allocation across a single PRB pair and aggregation level 2.
7. Appendix C — Control Channel Elements and Resource Element Groups
In Rel. 10, following rate-matching, all PDCCHs are concatenated so that the length of the concatenated sequence, viz.,
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equals the number of available CCEs in that sub-frame which is given as:
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NREG is the number of resource element groups not assigned to PCFICH or PHICH. Some additional requirements may have to be met, e.g., each PDCCH needs to start at the correct CCE location as determined by the search space for the user of interest.

For the Rel. 11 ePDCCH, we chose the following distributed allocation. The PDCCHs corresponding to all users with distributed transmission within a set ΩD —which is a subset of the set of resource-blocks configured for ePDCCH— are concatenated as per the procedure described above except that the number of available CCEs in that subframe is:
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Note that this formula assumes 36 resource elements for one CCE.  The term 
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 equals the number of available resource elements for the transmission of control information.
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Figure � SEQ Figure \* ARABIC �1�: ePDCCH signal flow in comparison to Rel. 10 PDCCH processing
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