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1. Introduction

At the RAN1 #66bis meeting in Zhuhai, China the following working assumptions were agreed upon based on considerations from CA enhancement, new carrier type, CoMP, and DL MIMO:
· 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

· Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

Following the discussions at RAN1 #66bis, the required evaluations for control channel enhancements were agreed to in [1] . In this contribution, we present link-level simulation results based on these agreements which compare the performance of Rel. 10 PDCCH with an enhanced ePDCCH control channel. The implementation described in this contribution represents one possible scheme for processing of an enhanced physical downlink control channel and highlights key differences with the physical downlink control channel in Rel. 10.
2. Conceptual Differences between Rel. 10 PDCCH and Rel. 11 ePDCCH
The two possible candidate schemes considered in RAN1 for the transmission of the ePDCCH are:

· Localized transmission where the DCI for a particular user is restricted to the minimum set of resource blocks required to transmit the control information intended for that user. 

· Distributed transmission where the DCI for a particular user is transmitted across a set of N resource blocks even if the control information for that user can be transmitted within k ≤ N resource blocks.

The former is usually chosen to harness gains arising from frequency-selectivity, e.g., by means of channel-aware beamforming or scheduling when channel state information is available at the transmitter, whereas the latter is preferred when such information is not available or unreliable, as is the case for users with high mobility, in order to improve reliability by making use of frequency diversity.

In this contribution, we solely focus on distributed allocation as an initial study for performance comparison.
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The processing blocks for ePDCCH are shown in Figure 1. There are four key conceptual differences between the resource allocations for Rel. 11 ePDCCH and Rel. 10 PDCCH high-lighted by blue boxes whereas white boxes preserve Rel. 10 PDCCH design. The motivation behind maximally preserving Rel. 10 PDCCH design towards a Rel. 11 ePDCCH is to extract the same level of inter-cell interference randomization and time/frequency diversity for Rel. 11 ePDCCH transmission as is obtained in Rel. 10.
Difference 1: PDCCH concatenation

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 (REGs) 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 PDCCH corresponding to all users with distributed transmission within a set ΩD —which is a subset of the set of resource-blocks configured for ePDCCH— is 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.

Difference 2: modulation
Unlike the Rel. 10 control channel, which uses QPSK modulation, ePDCCH may use higher-order modulation schemes. As a result, the size of a CCE may have to be altered accordingly.
Difference 3: precoding

In Rel. 10, layer-mapping and precoding are performed based on cell-specific reference signals whereas the ePDCCH would likely use UE-specific reference signals.
Difference 4: resource element mapping

Because the ePDCCH is transmitted in resource blocks the ePDCCH resource mapping should be performed on a frequency-first basis similar to the PDSCH whereas the Rel. 10 PDCCH uses a joint time-frequency resource element mapping.

3. Performance Comparison of PDCCH and ePDCCH
In this section, we present link-level simulation results for the performance of ePDCCH versus PDCCH for control channel aggregation levels of 2, 4, and 8 CCEs, respectively. Simulation parameters are chosen according to [1]. Link adaptation for ePDCCH only consists of precoder selection, i.e., no MCS or rank adaptation is employed. ePDCCH resource mapping follows distributed resource allocation across 4 RBs equally spaced across the system bandwidth.

Figure 2 depicts the control channel block error rate versus the average received SNR (AWGN, no interferers) for aggregation levels of 2, 4, and 8 CCEs, respectively. Interestingly, although the ePDCCH performs better at low SNR, Rel. 10 PDCCH provides higher diversity order and hence the curves cross at a certain threshold. Similar trends were observed in [2]. 
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Figure 2: Performance of a possible ePDCCH implementation compared to the existing Rel. 10 PDCCH design.
4. Conclusion

In this contribution, we presented link-level simulation results for the comparison of Rel. 10 PDCCH performance with an enhanced ePDCCH control channel. Based on our implementation considerations and subsequent simulation results, we propose to maximally preserve Rel. 10 PDCCH design for the Rel. 11 ePDCCH in order to guarantee the same level of time/frequency diversity for Rel. 11 ePDCCH transmission as is obtained in Rel. 10.
5. Appendix — Simulation Parameters
	simulation parameter
	description / value

	carrier frequency
	2 GHz

	system bandwidth
	10 MHz

	antenna configuration
	4 Tx / 2 Rx (no correlation across antennas)

	channel model
	ETU

	UE velocity
	3 km/h

	PDSCH configuration
	11 OFDM symbols per sub-frame

	DCI payload
	42 bits

	CCE definition
	36 resource elements

	ePDCCH link adaptation
	fixed MCS (QPSK, rate 1/3 CC); 
only precoder adaptation is allowed

	ePDCCH transmission
	distributed mapping across 4 RBs {9, 21, 33, 45};

frequency first

	CSI-RS duty cycle
	10 ms

	CQI/PMI reporting mode
	PUSCH 3-1 (subband CQI, wideband PMI)

	CQI/PMI reporting delay
	5ms between computation (UE) and precoding (eNodeB)


References

[1] R1-113602, RAN1 #66bis, “Simulation Assumptions for DL Control Signaling”
[2] R1-113297, NTT DOCOMO, “Enhanced PDCCH for DL MIMO in Rel-11”

DCI Generation





Rate-matching





CRC + 1/3-TBCC





DCI Generation





CRC + 1/3-TBCC





Rate-matching





DCI Generation





CRC + 1/3-TBCC





Rate-matching





PDCCH1





PDCCH2





PDCCHn





Concatenate all PDCCHs + NIL insertion to get integer # CCEs





Scrambling





Modulation (QPSK)





Layer-mapping & Precoding





Interleaving and cyclic shift





Resource-Element Mapping





implementation differs from Rel. 10 PDCCH





Remark: n is determined by the maximum number of available CCEs and the number of users





Figure � SEQ Figure \* ARABIC �1�: ePDCCH signal flow in comparison to Rel. 10 PDCCH processing
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