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1. Introduction

With the rapidly growing market of smart-phones, there will be great demand to support multiple types of services with various packet sizes. The discrepancy in packet sizes between voice (small) and video (large) is very large. This tendency is expected to continue into the future as well. Considering recent traffic trends, it is not clear whether or not the capacity of the physical downlink control channel (PDCCH) will be sufficient in the near future. Furthermore, from a technical perspective, the capacity will reach its limit by introducing the candidate techniques in Rel-11, e.g., multi-user (MU)-MIMO for non-uniform deployments and coordinated multi-point (CoMP) transmission, etc. Therefore, with such techniques, downlink (DL) control signaling enhancement is worth investigating together with performance enhancement as suggested in [1]. In this contribution, we present our views on the DL control signaling enhancement for DL MIMO transmission in Rel-11. We first present the scenarios where the DL control signaling enhancement is considered to be beneficial. Then, the possible approaches for DL channel enhancement are described. This contribution concludes with a brief summary for the next step.
2. Target Deployment Scenarios
In Rel-8/9/10, spatial processing techniques such as single user (SU)-MIMO, MU-MIMO, and CoMP have been intensively studied and discussed in order to improve link and system spectral efficiency levels. In Rel-8/9/10, homogeneous macro deployment was on the main focus for the evaluation and discussion. However, due to increasing traffic demands, the recent trends are heading in the direction toward actualizing non-uniform network deployments, e.g., heterogeneous deployment, necessitating further optimization and enhancement of MIMO and CoMP techniques for these specific deployments. With such growing deployment scenarios, the capacity enhancement achieved by improving the DL control signaling is key as well as other possible enhancements, e.g., feedback codebook enhancement [2]. Below, we look further into the target deployment scenarios where the DL control signalling enhancement is considered to be inevitable and effective in Rel-11.
· MU-MIMO

Current wireless network systems are mainly deployed based on the homogeneous macro network. However, low-power RRHs or low-cost distributed antennas are being incorporated into the homogeneous macro network, resulting in deployment of a heterogeneous network. Therefore, in future network that is capable of Rel-11 techniques, the following deployments for MIMO techniques in heterogeneous networks are considered.

· Macro eNodeB and low-power RRH
· Multiple low-power RRHs

· Distributed antenna systems

In these deployment scenarios, more UEs are able to utilize the enhanced MU-MIMO compared to that in homogeneous macro deployment as shown in Fig. 1. In order to enable more UEs to experience the advanced MIMO techniques in a wide coverage scenario, the sufficient capacity of DL control channel should be ensured.
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Figure 1 – Deployment scenario for Rel-11 MU-MIMO.
· CoMP with single-cell ID
In Rel-11, a study on CoMP was initiated at the 3GPP RAN1#63bis meeting according to [3]. Regarding a heterogeneous network for CoMP study, a single-cell ID CoMP is indentified as follows [4].
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
The PDCCH capacity has been discussed in this scenario [5]. It is straightforward to assume that, in the single cell ID CoMP operation, CRS and PDCCH are soft combined from all transmission points in a cell as shown in Fig. 2 (a). The required received SINR at the UE can then be reduced. This may be effective in lowering the number of control channel elements (CCEs) for carrying downlink control information (DCI) in the PDCCH region. However, all the transmission points need to transmit the same DCI mapped in the same PDCCH region, and hence the capacity of the DL control channel will become problematic especially for legacy (Rel-8/9/10) UEs that rely only on the existing PDCCH. In addition, multiple point transmission of the PDCCH has another adverse effect; namely, the inter-cell interference is increased. To address these problems, a UE-specific control channel with a DM-RS, which we call X-PDCCH hereafter, would be beneficial in Rel. 11, which is transmitted only from associated point(s) for each UE as shown in Fig. 2 (b). In this case, a capacity enhancement is also expected from the precoding gain.
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Figure 2 – Deployment scenario for Rel-11 single-cell ID CoMP.
· CoMP with multiple-cell IDs
With regard to CoMP with multiple-cell IDs, the following scenario is to be investigated.
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage
In different cell ID CoMP operations, the CRS and PDCCH are spatially reused in each cell as shown in Fig. 3 (a), by frequency shifting the CRS, and cell-specific scrambling for the PDCCH, which provides the cell splitting gain. However, for a macro UE in CoMP operation, e.g., dynamic cell selection (DCS), the PDSCH is transmitted from an RRH, while the PDCCH is transmitted from a macro eNodeB. (The PDCCH can also be transmitted from an RRH if the macro UE is handed over to the cell with RRH as in Rel-10 eICIC, but the UE will incur interference from the macro CRS even in an almost blank subframe (ABS) configured by the macro cell.) In this case, introduction of X-PDCCH is effective since the DCI can be transmitted using the X-PDCCH from the nearest RRH in the same way as the PDSCH. Of course, the PDCCH does not need to be transmitted from the macro eNodeB, and efficient transmission of the DCI in a cell is achieved. 
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Figure 3 – Deployment scenario for Rel-11 single-cell ID CoMP.
· Other scenarios

In addition to Rel-11 DL MIMO in a heterogeneous network, there are other deployment scenarios where capacity enhancement for the DL control signaling is necessary. One of them is carrier aggregation (CA)-based heterogeneous network deployment where cross-carrier scheduling specified in Rel-10 is used. When cross-carrier scheduling is applied, the DCI associated with the PDSCH on the secondary Cell (SCell) is transmitted in the PDCCH on the primary Cell (PCell) in order to avoid interference to the PDCCH used in the pico cell as shown in Fig. 4 (a). Consequently, cross-carrier scheduling may limit the PDCCH capacity for the macro cell. A solution to this capacity problem is to utilize the X-PDCCH for a CA-based heterogeneous network instead of cross carrier scheduling as shown in Fig. 4(b). This way, the DCI can be transmitted even in the SCell from the macro cell. Furthermore, interference coordination for the X-PDCCH is also possible by jointly scheduling the X-PDCCH among the macro cell and the small cells with RRHs.
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Figure 4 – Deployment scenario for CA-based heterogeneous network.
Another scenario is the deployment scenario configuring the MBSFN subframe for PDSCH transmission as supported in Rel-10 for CRS overhead reduction when transmission mode (TM) 9 is configured. In Rel-10/11, the use of MBSFN subframe is in greater demand than in Rel-8/9 to apply MU-MIMO and CoMP that require TM9. However, only up to 2 OFDM symbols are supported as a PDCCH region. Therefore, capacity enhancement of the DL control channel that is suited to the MBSFN subframe may be desired.
3. Candidates for DL Control Signaling Enhancement

3.1 Enhancement of DL control channel 

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 DCI over a backhaul link between an eNodeB and a relay node. Considering the existence of these legacy PDCCHs, there are two major approaches toward enhancing the physical control channel as described below (Fig. 5). 
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Figure 5 – Candidate approach for Rel-11 DL control channel enhancement
· TDM approach (PDCCH)
In the TDM approach, the control channel capacity is enhanced by simply extending the PDCCH region, e.g., utilizing the 4th OFDM symbol as the PDCCH region. This approach is a very simple extension, but most of the problems described in Section 2 remain unresolved. That is, since the demodulation is based on CRS, all the transmission points need to transmit the same DCI, and transmission efficiency of the DCI is not really improved although some gains from soft combining may be expected. Furthermore, there is a legacy impact on the Rel-8/9/10 networks since the extended PDCCH region is used for the PDSCH and not for the PDCCH in the legacy Rel-8/9/10 UEs.
· FDM approach (X-PDCCH)

In this approach, the DCI is multiplexed in the frequency-domain and a UE-specific DM-RS is employed in a similar way to the R-PDCCH. We note that the X-PDCCH is not necessarily the same as the existing R-PDCCH used in the relay systems since the the Rel-11 X-PDCCH should be refined for the UEs. Regarding the capacity enhancement, the advantages by introducing the X-PDCCH are summarized below. 
Pros:

· Closed loop precoding gain
· UE-specific DM-RS enables the X-PDCCH to obtain the closed loop precoding gain. Thus, the required received SNR can be reduced, resulting in the capacity enhancement. 
· Efficient transmission of the DCI

· Unlike the legacy PDCCH, a single DCI is transmitted from the best transmission point(s) as explained in Sect. 2 in the context of CoMP.
· Actualization of non-CRS and/or non Rel-8/9/10 PDCCH transmission
· X-PDCCH does not require a CRS and 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 the coordinated scheduling among macro eNodeB and associated RRHs, interference coordination is possible for the X-PDCCH.
· Application of power boosting

· Since the X-PDCCH is frequency-multiplexed with the PDSCH, flexible power boosting for the X-PDCCH is achieved by borrowing power from the PDSCH. 
On the other hand, the issues to be addressed when introducing the X-PDCCH are given hereafter.
Cons:

· Specification impact

· The existing R-PDCCH is not fully reused, and a specification impact is anticipated.

· Imperfect interference randomization effect

· When the X-PDCCH is transmitted using only one or multiple physical resource blocks (PRBs), the achieved interference randomization effect may be inferior to that for the legacy PDCCH.
· Power consumption and processing delay

· The search space needs to be monitored over all the OFDM symbols for blind decoding trials although it may depend on the search space design.

Suggestion 1: The DM-RS-based PDCCH should be further investigated for targeting enhancement of DL control signaling in Rel-11 DL-MIMO in a non-uniform network deployment.

Suggestion 2: The requirement for a DM-RS-based PDCCH should be clarified such as a requirement stipulating increased performance that exceeds that for the existing PDCCH and a complexity requirement that includes search space design.
3.2 Enhancement of DCI transmission schemes

So far, we have investigated approaches to enhance the physical channel, i.e., PDCCH. However, there are other ways to enhance the DL control signaling capacity even though this may not be within the scope of this agenda. Below, approaches different from those described above are briefly presented.
· Define compact DCI [6]
In Rel-10, the necessity of a compact DCI to support MU-MIMO was discussed. If this is to be revisited, the extent of the gain that is achieved by defining a new DCI format should be clarified. 
· Bundling scheme 

In this approach, time-domain (subframe) bundling and frequency-domain (cell) bundling could be considered. With subframe bundling, one DCI in a subframe assigns multiple PDSCHs/PUSCHs over multiple subframes. In the case of cell bundling, one DCI in a cell allocates multiple PDSCHs/PUSCHs over multiple cells if CA is configured. Joint use of these bundling schemes could also be considered.

4. Conclusion

In this contribution, we presented our views on Rel-11 DL control signaling enhancement to support DL MIMO and CoMP in heterogeneous networks. We clarified the scenarios where the DL control signaling enhancement is considered to be efficient and described the candidate approaches for the enhancement best suited to such scenarios. Our suggestions based on the discussion are summarized below for the next step.
Suggestion 1: The DM-RS-based PDCCH should be further investigated for targeting enhancement of DL control signaling in Rel-11 DL-MIMO in a non-uniform network deployment.

Suggestion 2: The requirement for a DM-RS-based PDCCH should be clarified such as a requirement stipulating increased performance that exceeds that for the existing PDCCH and a complexity requirement that includes search space design.
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