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1. Introduction
In RAN1#64, CoMP simulation assumptions were discussed and agreed [1]. In the simulation assumptions, four deployment scenarios are defined. Also, recently, the enhancements of DL MIMO was proposed and agreed as a Study Item at RAN #51 [2]. In this contribution, we clarify some potential issues for DL control signalling, and give our view of control channel designs both for Rel.11 DL MIMO enhancements and CoMP.
2. Discussion
2.1. Data channel design

Single cell MU-MIMO transmission 

The enhancements of single cell MU-MIMO was proposed in [2] and was agreed as part of the Study Item at RAN #51. The feedback enhancements, new precoding schemes and new reception schemes may be discussed as the part of the enhancements of single cell MU-MIMO discussion. Interference mitigation among co-scheduled UEs can be achieved without PDSCH design changes and Cell throughput can be increased [3][4][5].

CoMP (Scenario 3 and 4) transmission

The introduction of Low-power RRHs has been discussed in CoMP sessions of recent RAN1 meetings. In particular, two CoMP scenarios, Scenarios 3 and 4, are defined for introduction of the Low-power RRHs [1]. We can expect cell splitting gain in CoMP transmission cases can be realized by reusing same resources between Low-power RRHs. In other words, we can reuse the time-frequency resources within conventional macro eNB coverage by introducing Low-power RRHs and which results in the drastic improvement of cell throughput without any PDSCH structure changes. Therefore we can expect to increase of the number of active UEs within conventional macro eNB coverage.

2.2. Control channel design

2.2.1. Control channel capacity

Single cell MU-MIMO transmission

As stated above, we can expect the improvement of cell throughput via enhancements of MU-MIMO. However, it has been pointed out that PDCCH capacity in MU-MIMO operation can be bottle neck and cell throughput may be saturated [6]. To avoid such kind of limiting effects due to the PDCCH capacity, the following was proposed during Rel.10 discussion.

· Compact DCI format for MU-MIMO

· The expansion of PDCCH region

It might be worth re-discussing the control signaling enhancements for MU-MIMO during Rel.11 time frame. 

CoMP (Scenario 3) transmission

In Scenario 3, the interference between the PDSCH from the macro eNB and the RRH can be reduced by selecting appropriate precoding schemes for each UE (e.g. coordinated beamforming etc). As a result, we can reuse the PDSCH resources between macro eNB and RRH and that may help realize the expected drastic cell throughput improvements.
However, there is the difficulty to reuse the same mechanism for PDCCH and a different mechanism from earlier releases is needed for the interference mitigation between PDCCH from macro eNB and RRH. There are two alternative solutions for PDCCH interference mitigation:
· Alt.1: Reuse Rel.10 mechanism 

· Cross-carrier scheduling under carrier aggregation 

· eICIC mechanism under non carrier aggregation case (e.g. ABS)

· Alt.2: New enhancements of the control channel for Rel.11
In first solution (i.e. reuse of the Rel.10 mechanism), PDCCH resources will be shared among CCs if cross-carrier scheduling is applied and PDCCH capacity can be bottleneck and cell throughput may be saturated as in the single-cell MU-MIMO case. Alternatively, if ABS is used to avoid PDCCH interference, both PDSCH and PDCCH transmission will be stopped during ABS subframe. Therefore, the likelihood of thethe PDCCH capacity problem arising can be expected to decrease. However, we should not expect a large cell splitting gain in this case because PDSCH resources would not be reused between macro eNB and RRH.
Therefore, new enhancements of control channel may be useful for CoMP Scenario 3 case for the system to enjoy a large cell splitting gain.  

CoMP (Scenario 4) transmission
In Scenario 4, the following PDCCH transmission can be considered.

· DL grant is transmitted on the PDCCH of macro eNB only

· DL grant is transmitted on the PDCCH of both macro eNB and RRH (i.e. SFN)

In the both cases in the above, DL grants for PDSCH from macro eNB and RRH have to share the PDCCH resource of macro eNB. Therefore, we can expect that PDCCH capacity will be tight [7] and can be the limiting factor like single-cell MU-MIMO. Therefore, we also see the necessity for the discussion of control channel enhancements for Rel.11[8][9].

Proposal:
· Control channel enhancements for Rel.11 should be discussed.
2.2.2. Uniform design

There is no consensus about the transparency of PDCCH transmission between single-cell transmission and CoMP transmission. However, good engineering practices would dictate that the enhancements of control channel be simple as possible because of the following reasons.

· Time constraint for discussion/evaluation

· Minimum impact for the specification

From the above reasons, we should study the PDCCH enhancements taking into account both single-cell MU-MIMO and CoMP discussion [10].
Proposal:

· The control channel enhancements should be studied taking into account both single-cell MU-MIMO and CoMP discussion.

3. Conclusion

From the above discussion, Sharp proposes that:
· Control channel enhancements for Rel.11 should be discussed.

· The control channel enhancements should be studied taking into account both single-cell MU-MIMO and CoMP discussion.
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