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1. Introduction

At the previous meeting, the target deployment scenarios for the enhanced physical downlink control channel (E-PDCCH) based on the demodulation reference signal (DM-RS) were discussed and identified from the viewpoints of the recent traffic trends and technical aspects in Rel-11 [1], [2]. One main scope of the Rel-11 DL MIMO scenario is non-uniform network deployments, e.g., heterogeneous deployment, which necessitate further optimization and enhancement of the PDCCH capacity. Considering such deployment scenarios in Rel-11, [1] – [14] provided high level views on the E-PDCCH. In this contribution, we present our investigation on the DM-RS-based E-PDCCH in order to clarify the requirements for designing the Rel-11 E-PDCCH. We also describe some candidate techniques for satisfying these requirements. 
2. Requirements for Designing E-PDCCH
In Rel-8/9/10, the PDCCH is supported and is time-multiplexed using the first 1-3 OFDM symbols in a subframe. In Rel-10, a new DL control channel, i.e., Relay-PDCCH (R-PDCCH), was introduced to convey the downlink control information (DCI) over a backhaul link between an eNodeB and a relay node. The R-PDCCH without cross-interleaving [15] supports DM-RSs for demodulation purposes and many technical features could be reused for the E-PDCCH. Therefore, the R-PDCCH without cross-interleaving would be a good starting point for further investigation. The advantages and disadvantages for the R-PDCCH without cross-interleaving compared to the legacy PDCCH are summarized below [1].
Advantages:

· Closed-loop precoding gain / beamforming gain
· A UE-specific DM-RS enables the E-PDCCH to obtain the closed-loop precoding gain or beamforming gain for correlated array antenna configurations. Thus, the required received signal-to-noise power ratio (SNR) can be reduced, resulting in capacity enhancement. 

· DCI transmission from the best transmission point(s) in a single cell-ID CoMP scenario
· In a single-cell ID CoMP scenario, unlike the legacy PDCCH, a single DCI can be transmitted from the best transmission point(s).
· Actualization of non-CRS and/or non Rel-8/9/10 PDCCH transmission

· The R-PDCCH does not necessarily require a CRS or the Rel-8/9/10 PDCCH. This will facilitate the use of an extension carrier if it is defined in Rel-11 or beyond.
· Application of interference coordination
· By applying coordinated scheduling among macro eNodeB and associated RRHs, interference coordination is possible for the R-PDCCH.

· Application of power boosting

· Since the R-PDCCH is frequency-multiplexed with the PDSCH, flexible power boosting for the R-PDCCH is achieved by borrowing power from the PDSCH. 

Disadvantages:

· Less frequency diversity gain

· When the R-PDCCH is transmitted using only one or multiple physical resource blocks (PRBs), the achieved frequency diversity gain is apparently inferior to that for the legacy PDCCH.

· Imperfect interference randomization effect

· When the R-PDCCH is transmitted using only one or multiple PRBs, the achieved interference randomization effect may be inferior to that for the legacy PDCCH. This observation would be more serious in non-uniform deployment scenarios.
· Power consumption and processing delay

· The search space needs to be monitored over more OFDM symbols than those for the legacy PDCCH for blind decoding trials although it may depend on the search space design for the E-PDCCH.

Proposal 1: The R-PDCCH without cross-interleaving should be the baseline for further study of capacity enhancement for the E-PDCCH.

We would prefer to be able to utilize the advantages of the R-PDCCH without cross-interleaving to the E-PDCCH. However, there is a fundamental difference between the R-PDCCH and E-PDCCH in that the E-PDCCH targets the UE. Therefore, when optimizing the R-PDCCH for the UE, we should strive to achieve the following points associated with the UE: performance in mobility/low SNR environments and capacity. We investigate the impact of these UE-specific properties on the R-PDCCH without cross-interleaving.
· Performance in mobility/low SNR environments
Unlike the R-PDCCH, the E-PDCCH should adapt to a variety of propagation channel models because of the mobility of the UE. Poor fading channel conditions impair several of the advantages of the R-PDCCH without cross-interleaving. For example, closed-loop precoding may not be achieved due to unreliable channel state information (CSI) reportings. Furthermore, in the case that a wideband CSI is applied, the frequency-domain scheduling gain is not fully obtained. These factors significantly degrade the performance of the E-PDCCH particularly when the DCI is assigned to one PRB since the frequency diversity gain is not obtained and the interference randomization effect is not expected. In order to clarify the potential for a frequency diversity gain for the E-PDCCH, we evaluate the performance of the E-PDCCH and compare it to that for the legacy PDCCH. The simulation conditions are given in Table 1 in the Annex. We assume 72, 144, and 288 REs, which corresponds to 2, 4, and 8 control channel elements (CCEs) for the legacy PDCCH. For the E-PDCCH, the DCI is mapped onto 72 REs of 1 PRB, 144 REs over 2 PRBs, and 288 REs over 4 PRBs as shown in Fig. 1. Frequency first mapping is applied to all aggregated PRBs. The number of REs for the E-PDCCH is slightly different from that for the R-PDCCH in order to align the number of REs between the E-PDCCH and legacy PDCCH for fair comparison. The payload size of the DCI is also assumed to be the same for both the legacy PDCCH and E-PDCCH and is set to 42 bits for 10 MHz. Figure 2 shows a performance comparison between the legacy PDCCH and E-PDCCH (R-PDCCH without cross-interleaving) for the enhanced pedestrian A (EPA) and enhanced typical urban (ETU) channel models. The block error rate (BLER) is plotted as a function of the received SNR with the number of REs carrying the DCI as a parameter. Based on 1 PRB mapping, the performance of the E-PDCCH is much worse than that for the legacy PDCCH for both the EPA and ETU channel models because of the lower frequency diversity gain. For two PRBs mapping, the same level of diversity order as that for the legacy PDCCH is achieved for the E-PDCCH in the EPA channel; however, the frequency diversity gain for the E-PDCCH is insufficient in the ETU channel. For four PRBs mapping, the performance of the E-PDCCH is comparable to or better than that for the legacy PDCCH in the EPA and ETU channels. Therefore, for a small number of REs carrying the DCI, the mapping scheme to achieve the frequency diversity gain should also be supported. More specifically, the diversity order of four is considered to be necessary.
Proposal 2: A mapping scheme for achieving the frequency diversity gain should also be supported for the case of a small number of REs. The diversity order of four is necessary.

[image: image1.emf]Frequency

Frequency

Frequency

72 REs (= 2 CCEs)

144 REs (= 4 CCEs)

288 REs (= 8 CCEs)

(a)1PRB(0thPRB)

(b) 2 PRBs (Distributed mapping: 0thand 49th PRB)

(c) 4 PRBs (Distributed mapping: 0th,16th, 32nd, and 48th PRB)


Figure 1 – Example of PRB mapping for E-PDCCH
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Figure 2 - Performance comparison between E-PDCCH and legacy PDCCH 
· Capacity

It is desirable to assign more DCIs in one PRB since the number of multiplexed UEs is assumed to be much larger than that for relay nodes. If the R-PDCCH is employed as the E-PDCCH, the capacity may not be sufficient. In the Rel-10 R-PDCCH, the DL assignment and UL grant are time-multiplexed, which is one factor limiting the capacity. Hence, the structure for the R-PDCCH could be improved for the purpose of capacity enhancement. 
Proposal 3: The structure of the E-PDCCH should be designed so that more DCIs are assigned compared to that for the Rel-10 R-PDCCH.

3. Candidate Techniques for E-PDCCH

Based on the discussion in Sect. 2, it is desired to construct a structure for the E-PDCCH so that a diversity gain is achieved and more DCIs are multiplexed. In order to satisfy these requirements, candidate techniques are described below.
· Technique for diversity gain
· Distributed mapping of DCI over multiple PRBs 
· A simple way to achieve frequency diversity is to apply distributed mapping of the DCI over multiple PRBs. However, the number of REs for carrying the DCI becomes large in the current R-PDCCH without cross-interleaving when multiple PRBs are utilized. Hence, a method for reducing the number of REs and multiplexing more DCIs should be investigated. Different from the R-PDCCH with cross-interleaving, the DM-RS should be applied in order to obtain the precoding gain.
· Support of transmit diversity 
· Another approach to obtain a diversity gain is to support transmit diversity, e.g., SFBC. In this case, although a diversity gain is obtained, the closed-loop precoding gain is not obtained. We note that each antenna port for the DM-RS is associated with each transmitter antenna.
· Assignment of DCI in the legacy PDCCH

· The legacy PDCCH is designed to obtain the full frequency diversity gain. The legacy PDCCH can replace the E-PDCCH if the frequency diversity gain is desired. However, if an additional carrier type that does not incorporate the legacy PDCCH is defined in Rel-11 carrier aggregation, the diversity gain cannot be obtained unless mapping that will achieve the diversity gain is supported in the E-PDCCH. Hence, it is preferable to support a mapping that will achieve the diversity gain without the legacy PDCCH.
· Technique for capacity enhancement
· Multiplexing of multiple DCIs within a PRB pair

· TDM, FDM, CDM, and SDM could be considered. In the R-PDCCH, the downlink assignment and the UL grant are time-multiplexed on a slot basis. This slot-based mapping could be reconsidered for capacity enhancement. The detail structure is FFS; however, the performance and capability of multiplexing should be investigated.
· High order modulation scheme
· QPSK should be the baseline as the modulation scheme as is the case in the legacy PDCCH and the R-PDCCH. The introduction of a higher order modulation scheme should be carefully studied taking into account the performance and need for blind decoding.
· Other technical enhancement
· The switching between the mapping for diversity gain and the mapping based on the R-PDCCH without cross interleaving must be considered. Support for both mappings is actualized by defining the search space for the mappings. This facilitates a dynamic switching of the mapping schemes. However, both mappings may not be required. In this case, RRC signaling performs the switching in a manner similar to the switching of the cross-interleaving for the R-PDCCH 

According to the discussion above, our design concept for the E-PDCCH is shown in Fig. 3.
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Figure 3 – Design concept for E-PDCCH
4. Conclusion

In this contribution, we presented our investigation on the DM-RS-based E-PDCCH in order to derive the requirements for designing the Rel-11 E-PDCCH. Based on the discussion, we offer the following proposals for the design of the E-PDCCH.

Proposal 1: The R-PDCCH without cross-interleaving should be the baseline for further study of capacity enhancement for the E-PDCCH.

Proposal 2: A mapping scheme for achieving the frequency diversity gain should also be supported for the case of a small number of REs. The diversity order of four is necessary.

Proposal 3: The structure of the E-PDCCH should be designed so that more DCIs are assigned compared to that for the Rel-10 R-PDCCH.

We also described some candidate techniques for satisfying these requirements and presented our design concept for the E-PDCCH in Fig. 3.
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Annex

Table I – Simulation conditions

[image: image5.emf]System bandwidth 10 MHz (50 RBs)

Number of subcarriers 600

Number of OFDM symbols for PDCCH 2

Transmitter / Receiver antenna configuration 4 x 2 (TM9: closed-loop MIMO)

Tx / Rx antenna correlation  0 / 0

DCI format DCI format 2C

Number of bits for DCI 42 bits

Aggregation level for PDCCH 2, 4, and 8 CCEs

Number of PRBs for E-PDCCH 1, 2, and 4 PRBs

Power boosting for PDCCH/E-PDCCH Not applied

FFT timing detection Ideal

Channel estimation Practical

Path model EPA, ETU

Maximum Doppler frequency f

D

= 5.55 Hz
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