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1 Introduction

According to the agenda of RAN1#66bis meeting [1] and the discussions on RAN1 email reflector [2], downlink control signalling enhancements are under investigation with the aim to improve both CA and DL MIMO in Rel-11:
	Please share your views on the following questions:
• Which CA-related scenarios should be considered for these control signalling enhancements?

• What evaluation assumptions should be used to evaluate the benefits of any proposed downlink control signalling enhancements in each scenario?

The second topic belongs to the DL MIMO SI :
• What are the motivations (if any) for the investigations of enhanced PDCCH

• What  scenarios (if any) should be targeted by these investigations

• What evaluation assumptions should be used to evaluate the benefits of any proposed downlink control signalling enhancements in each scenario?


In this contribution, we investigate a number of scenarios for CA and DL MIMO, respectively, and discuss the potential benefits that may be achieved through downlink control signaling enhancements.
2 Scenarios and motivations
There are a number of scenarios where enhanced DL control signalling may help to bring performance gain over Rel-10.

2.1 Scenario 1: Cross-carrier PDCCH bundling

As illustrated in Fig. 1, when a UE is configured with multiple CCs, then a DL grant in a bundled PDCCH on one CC (CC1) can assign PDSCH to the same CC (CC1) and another CC (CC2) at the same time. The CCs can be either intraband or interband. The general motivation of cross-carrier PDCCH bundling is to minimize the overhead of PDCCH, e.g. by using compact DCI formats. Furthermore, it can also provide a high flexibility for new carrier types to be introduced in Rel-11, which may not have PDCCH at all [3].
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Fig. 1: Illustration of cross carrier bundling.

Observation 1: Cross-carrier PDCCH bundling can reduce overhead and provide flexibilities to support additional carrier types in Rel-11.
Proposal 1: Cross carrier PDCCH bundling should be supported in Rel-11.
2.2 TAG configuration based on eNB deployment

In low speed scenarios, as the coherence time of the channel is large, the channel condition between consecutive subframes is likely to be quite similar. Potential variation of PMIs, RE assignments between consecutive subframes in a slowly changing channel are not significant. Hence, in this case, a bundled PDCCH across consecutive subframes may be applied to reduce the signalling overhead, as shown in Fig. 2. For instance, in legacy releases, full DCIs have to be sent for scheduling PDSCH in different subframes, while in cross-subframe bundling schemes, it is possible to transmit a DCI for subframe 1 plus an incremental version of the first DCI for subframe 2, thanks to the similarity between the channel conditions within the two subframes. In other words, eNB can take advantage of such channel characteristics such that the DL control signalling may be effectively reduced.
Moreover, in the case of ABS is deployed, such kind of cross-subframe scheduling methods allow the network to schedule UE in ABS without corresponding DCI transmission in the ABS. As a result, the spectral efficiency can be improved without imposing severe interference on the control channels of victim cell.
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Fig. 2: Illustration of cross-subframe bundling.

Observation 2: Cross-subframe PDCCH bundling has the potential of reducing signalling overhead.
Proposal 2: Cross-subframe PDCCH bundling should be supported in Rel-11.
2.3 Scenario 3: Coverage enhancement for control channel
For cell-edge UEs, the conventional PDCCH is based on CRS and SFBC, while E-PDCCH may be based on URS which helps to achieve array gain. As shown in Fig. 3, compared with URS-based PDSCH transmission, the coverage of conventional PDCCH transmission is expected to be smaller, as a performance limitation of CRS-based SFBC scheme. In other words, by applying URS-based E-PDCCH, the coverage of the downlink control channel can be extended, thus improving the performance of cell-edge UEs. Furthermore, the URS-based PDCCH may get rid of the interference of CRS from neighbour cell, especially for HetNet scenario. Thus it is favourable also from the perspective of ICIC.
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Fig. 3: Comparison of coverage between CRS-based PDCCH and URS-based PDCCH transmissions.
Observation 3: URS-based E-PDCCH can help to improve the coverage of control channel.
2.4 Scenario 4: Capacity enhancement for control channel

The current capacity of PDCCH is quite limited. With the introduction of enhanced multiple-antenna operations and multiple-point transmissions, the existing PDCCH is likely to be overloaded. More explicitly, in CoMP Scenario 4, i.e. RRH with same cell ID, as the CRS and PDCCH region are shared between points, the capacity of PDCCH is extremely limited. Therefore, the E-PDCCH is desirable in order to improve the control channel capacity.

Observation 4: Control channel capacity can be improved by E-PDCCH.
2.5 Scenario 5: MU-MIMO
For MU-MIMO, paired UEs are able to acquire their downlink control information via one E-PDCCH in a specific RB. Although the design details remain open, one possible solution is that the DCIs of the paired UEs are interleaved and multiplexed in one E-PDCCH (indicated by the yellow block in Fig. 4), which is similar to the case of conventional PDCCH. At the same time, URS antenna ports can be shared by the UEs (indicated by the pink block in Fig. 4) through different scrambling identity as in Rel-10. Hence, such form of E-PDCCH can be particularly beneficial for MU-MIMO applications, since multiple UEs can share the same E-PDCCH block, which reduces control signalling overhead.
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Fig. 4: E-PDCCH for MU-MIMO in a RB.

Observation 5: MU-MIMO may be enhanced with the aid of E-PDCCH.
Proposal 3: The URS-based E-PDCCH should be supported in Rel-11.
3 Conclusion

In this contribution, we have discussed various scenarios where downlink control signalling enhancements may be needed. Our recommendations are:
Proposal 1: Cross carrier PDCCH bundling should be supported in Rel-11.
Proposal 2: Cross-subframe PDCCH bundling should be supported in Rel-11.
Proposal 3: The URS-based E-PDCCH should be supported in Rel-11.
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