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1
Introduction

In RAN1#66bis, it was agreed to introduce a new enhanced physical downlink control channel (E-PDCCH). One of the agreed characteristics of E-PDCCH was the ability to support diversity transmission. Diversity schemes are generally seen important for E-PDCCH in order to support channel non-aware transmissions for cases where CSI is either not available or outdated, for example in case of high mobility. Furthermore, distributed transmissions might pay off when CSI is available but the configured feedback mode only supports wideband CQI [1].
Essentially two flavors of diversity transmission are being considered: frequency diversity obtained via distributed transmission of E-PDCCH across the whole system bandwidth, and transmit diversity obtained via multi-antenna transmission of E-PDCCH. Obviously, there is a limit for the diversity gains that can be obtained, and both frequency diversity and transmit diversity are working towards the same goal from this perspective. In this contribution we provide evaluation and views on standardized diversity schemes for E-PDCCH.
2
Simulation methodology
In this contribution, link-level simulations are used for assessing the performance of transmission diversity techniques in E-PDCCH transmission. The effective coding rate of E‑PDCCH is defined by the number of payload bits and the aggregation level. The aggregation level refers to the number of control channel elements (CCEs) that are allocated for one E-PDCCH transmission.

In order to get frequency diversity gain, the E-PDCCH needs to be transmitted in a frequency-distributed manner. This can be done by splitting the CCEs and mapping the pieces into a number of PRBs. Alternatively, the E-PDCCH resource allocation can be of localized type and the CCEs of one E-PDCCH are allocated to one PRB or multiple adjacent PRBs. However, localized resource allocation is not beneficial, if there is no valid channel state information available. As the focus of the discussion is on the diversity techniques, only the distributed allocation type is used in the simulations.
In distributed resource mapping, there are four PRBs reserved for the E-PDCCH transmission. In order to allow frequency-distributed transmission also with the small aggregation levels, a CCE is split into smaller pieces. In our simulations, the CCE is split into four pieces so that even with the aggregation level of one, the distributed mapping is possible and frequency diversity order of four is observed. The split of CCEs is described in Table 1.
Table 1: CCE split for distributed resource mapping.
	CCE size
	Number of PRBs allocated 
	CCE split

	36 REs
	4
	4 x 9 REs


The following transmit diversity methods are compared:

· Space-frequency block coding (SFBC): Alamouti-code is applied to the E-PDCCH REs between adjacent subcarriers. Antenna ports 7 and 8 are used for the transmission. The DM-RS are sent on both antenna ports.
· Antenna switching (AS): The E-PDCCH REs are mapped selectively to antenna ports 7 and 8. Every other RE is mapped to either AP7 or AP8, while the other antenna port is silent. The DM-RS are sent on both antenna ports.
· Precoding vector switching (PVS): The E-PDCCH REs are mapped selectively to spatial layer 1 and 2. The layer is switched on per-RE basis and the other layer is muted while the other is transmitting. The DM-RS are sent on both layers. The precoding vector for layer 1 is 
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 and the precoding vector for layer 2 is 
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In order to have a point of reference for the Tx-diversity performance, the following additional transmission schemes are used in the simulations:
· Rank-1 closed-loop MIMO transmission (CL-MIMO): The E-PDCCH is sent on a single spatial layer. The PMI is wideband and Rel-10 2Tx codebook is used. DM-RS are sent on a single spatial layer.

· Cyclic delay diversity (CDD): The E-PDCCH REs are mapped on antenna ports 7 and 8. The AP7 carries the REs as such, whereas the AP8 has a subcarrier-specific phase-rotation in order to create the cyclic delay effect. Single-layer DM-RS are used and the cyclic delay is applied to the DM-RS REs.
The closed-loop MIMO transmission scheme gives the reference point for a situation, where wideband PMI is available. If PMI is not available or is outdated, the CDD transmission scheme can be applied as an implementation-based option, i.e. not requiring standardization.
The E-PDCCH performance was studied through link-level simulations, using the abovementioned transmission schemes. The detailed simulation assumptions are listed in Appendix A.

3
Simulation results
First, the performance of transmit diversity schemes are compared in a cross-polarized antenna setup. Similar comparison with ULA antenna setup is included in Appendix B. 
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Figure 1: BLER performance comparison between the transmit diversity schemes (2x2 Xpol).
It is seen that the performance differences between the transmit diversity schemes are very small. However, the SFBC scheme has consistently the best BLER performance.
Next, SFBC is compared to CL-MIMO and CDD. Similar comparison with ULA antenna setup is given in Appendix C.
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Figure 2: BLER: SFBC vs. CL-MIMO and CDD (2x2 Xpol).
It can be seen from Figure 2 that the SFBC scheme brings no performance benefit to the E-PDCCH transmission, when distributed resource allocation is used. In fact, the CDD scheme has slightly better performance than SFBC, when aggregation level is two or more. Similar observation can be made for ULA antenna setup, shown in Appendix C.
All the three transmission schemes, shown in Figure 2, get the benefit from frequency diversity because of the distributed resource mapping. However, with the SFBC scheme, the channel estimate needs to be created for two antenna ports. CL-MIMO and CDD need only single-layer channel estimate, therefore experiencing twice the per-port reference symbol power. The transmit diversity gain of SFBC is lost due to the weakened channel estimation accuracy. Based on these results we can conclude that frequency diversity is sufficient.
Observations:
-
All transmit diversity schemes have similar performance in presence of frequency diversity.

-
Transmit diversity provides no additional benefit over frequency diversity.

4
Other aspects of diversity schemes
In addition to diversity performance, other aspects should be also considered when choosing the diversity schemes to be supported:

· Without any standard impact, frequency diversity can be supported only for aggregation levels 2, 4 and 8 by suitable PRB allocation. However, considering that majority of UEs is typically scheduled with aggregation level 1, it would be highly beneficial to enable frequency diversity transmission also for aggregation level 1. This will imply specification impacts as CCEs need to be distributed across multiple PRB pairs.

· Regarding the transmit diversity schemes, CDD can be supported without specification impact and only requires one antenna port for demodulation. Increasing the number of antenna ports for demodulation of one DCI should be carefully considered since this impacts the capability to multiplex several DCIs within one PRB pair. Especially with localized allocation and UE-specific transmissions, one CCE within the PRB pair would most likely be linked to one UE-specific antenna port. Hence there may be a linkage needed between antenna ports and CCEs.
· Particularly SFBC is seen problematic from both UE complexity and resource mapping perspective. SFBC on UE-specific RS ports has so far not been used and will imply a new scheme to be supported at the UE receiver side. SFBC would also further re-introduce the so called orphan RE problem that resulted in a very long discussion at the end of Release 10. Now, the solution chosen for PDSCH would most likely not be applicable in E-PDCCH context.

Proposals: 

· Frequency diversity transmission should be specified for E-PDCCH.

· Including support of frequency diversity for aggregation level 1.

· Carefully consider whether additional diversity schemes are needed.

5
Conclusions
In this contribution we have provided simulation results and views on diversity schemes for E-PDCCH. From our results, we make the following observations:

Observations:
-
All transmit diversity schemes have similar performance in presence of frequency diversity.

-
Transmit diversity provides no additional benefit over frequency diversity.

Based on the results and the discussion, our proposal is as follows:
Proposals: 

· Frequency diversity transmission should be specified for E-PDCCH.

· Including support of frequency diversity for aggregation level 1.

· Carefully consider whether additional diversity schemes are needed.
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Appendix A – Simulation assumptions
Table 2: Simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	· 2x2, cross-polarized

· 2x2, ULA, 0.5λ spacing

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	3 km/h

	E-PDCCH configuration
	Distributed PRB allocation

	Transmission schemes
	· Closed-loop spatial multiplexing (CL-MIMO)

· Cyclic delay diversity (CDD)

· Space-frequency block coding (SFBC)

· Antenna switching (AS)

· Precoding vector switching (PVS)

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx

	PMI granularity
	Wideband

	PMI reporting delay
	5 ms

	PMI reporting periodicity
	(W1, W2) = (10 ms, 10 ms)

	Number of layers
	Fixed rank 1

	Modulation and coding
	QPSK modulation, coding rate according to CCE size and aggregation level

	CCE size
	36 REs

	DCI format and payload
	DCI 1A: 27 + 16CRC bits

	Number of allocated PRBs
	4 PRBs, distributed over the system band

	CSI-RS configuration
	2-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1/rank-2: 

12 REs/PRB

	Channel estimation algorithm
	CSI-RS: Realistic channel estimation

DM-RS: Realistic channel estimation, no PRB-bundling


Appendix B – Comparison of transmit diversity schemes in ULA setup
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Figure 3: BLER performance comparison between the transmit diversity schemes (2x2 ULA)
Appendix C – Benefits of transmit diversity in ULA setup
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Figure 4: BLER: SFBC vs. CL-MIMO and CDD (2x2 ULA)
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