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1. Introduction

In RAN#51, new MIMO SID for Rel-11 [1] has been agreed. One of the objectives in this study item is to evaluate enhancements for downlink control signalling in the two following aspects:
· to support MU-MIMO;
· based on UE-specific reference signals.
In this contribution, we discuss these aspects on DL control signaling enhancements in Rel-11.
2. Rel-8/9/10 PDCCH design
PDCCH only supports transmit diversity based on CRS. TxD scheme is a robust transmission scheme but the efficiency may not be as good as other schemes in some scenarios. In Rel-8, there are at most 3 OFDM symbols in each TTI for control signalling.  A rough estimate shows that if 3 OFDM symbols are reserved for control signalling in each DL subframe, 8 DL and 7 UL UEs can be scheduled per TTI [2]. The size of available DL control resources put limitation on the number of UEs that can be scheduled
In Rel-10, there are at most 2 OFDM symbols in each TTI for control signalling in MBSFN subframe. Also, PDCCH support cross-carrier scheduling.  In this case, the number of UEs can be further limited.    

It may be questionable whether such limitation is a big issue in homogenous macro deployment with moderate load like 10 active UEs per cell.  In Rel-11, if we consider new scenarios like distributed-RRHs with same cell ID or highly loaded hotspots, the number of UEs in a cell can potentially increase a lot.  In those cases, PDCCH capacity can be the bottleneck of system performance.
Besides the potential PDCCH capacity issue, interference is another issue to the current PDCCH. With interleaving on PDCCH, it is hard to coordinate between cells to avoid interference. Even with almost blank subframes(ABS) in Rel-10 eICIC, the interference from CRS still exists without symbol shifting.  Under heterogeneous network, the interference situation can be severe for cell edge UEs.  This would cause capacity loss because aggregation level is likely to be set to high to make it more robust to the interference.     
From the observations, the current PDCCH is facing a number of challenges. 
Enhancements on PDCCH are recommended in Rel-11 to improve the capacity and interference situation of PDCCH.
3. New PDCCH (N-PDCCH) design based on URS
One agreed direction of PDCCH enhancements in the SI is to introduce precoded PDCCH.  There can be two alternatives to introduce new PDCCH based on URS in Rel-11.
·   Alternative 1: 
introduce URS inside the current PDCCH REGs. Don’t extend control region to data region. (figure 1)
·   Alternative 2:
 introduce new control region in legacy data region (figure 2,like R-PDCCH)
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figure 1                                  figure 2
Alternative1 can support URS and closed-loop precoding in the existing PDCCH region. However, the additional DMRS overhead may wipe off the spectral efficiency gain provided by precoding. It’s also hard to do interference coordination.  

Alternative 2 uses existing DMRS resources.  It extends the PDCCH region to the current PDSCH region like R-PDCCH. This makes coordination easier because it can be allocated in the PDSCH region more flexibly. There is larger room for the increase of PDCCH capacity.  However, this would reduce available resources as some of the PDSCH resources are occupied by PDCCH. 
We propose to adopt alternative 2 as the baseline as it is a more flexible way to do the enhancement.
4. Configuration of New PDCCH 
UE-specific signalling is needed for eNB to inform UE the location of the allocated new PDCCH in the data region.  We have two alternatives here.
·   Alternative 1: configured by RRC signalling 
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Figure 3 New PDCCH configured by RRC signalling
Through RRC signalling, UE knows the possible locations of its PDCCH and determines the exact location through blind detection.  RRC signalling is a simple way of configuration and it doesn’t cost much signalling overhead.  However, this brings inflexibility which imposes certain limitations e.g. on scheduling and link adaptation.  These limitations particularly affects the flexibility of doing MU-MIMO for this new type of PDCCH.

·   Alternative 2: configured by physical layer signalling
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Figure 4 New PDCCH configured by physical layer signalling
Through layer 1 DCI, UE knows the exact location of its PDCCH or possible locations of its PDCCH.  Blind detection is also needed if it is not the exact location.  Through layer 1 signaling, the dynamic configuration can be done which brings the flexibility of scheduling and link adaptation.  The support of MU-MIMO is easier in this case.  Dynamic switching between TxD and precoding scheme is also possible.  However, it is clear that the price of this flexibility is more signalling overhead. 
Further study is recommended to compare different approaches of configuration in details.  

5. Considerations of potential differences of N-PDCCH and R-PDCCH design
Since R-PDCCH is precoded PDCCH, it is natural to design the new precoded PDCCH considering current R-PDCCH design as a reference.. However, some differences may exist as R-PDCCH is targeted for relay node which is quite different from UE.  The following are the areas can be further study. 
· Scheduling restrictions with slot based allocation 
Conisdering the delay factor on scheduling, DL grant can’t be placed in the second slot for RN.  Because of the limitation of DMRS, PDCCH and PDSCH in the same TTI have to be allocated to the same RN.  These retrictions may impose scheduling limitation or resource waste.  This may not be a big issue provided that small number of relay nodes are usually considered in the same cell.  It is recommended to investigate the impact of these restrictions on UE scheduling when the number of active UEs can be much larger.

· CSI feedback 
BLER requirement for PDCCH is usually more strict than PDSCH . So the requirement of feedback accuracy for PDCCH can be higher. The channel between eNB and RN is usually correlated (e.g. with LOS) and fixed.  CSI feedback for PDSCH can be re-used for R-PDCCH as the feedback can mostly statisfy requirement of PDCCH link adaptation in such channel condition.  For UEs, the channel can be quite different in difference scenarios (e.g. more frequency/time selective) as UE can be moving or envirnoment can have rich scatters.  In such cases, feedback enhancements (e.g. on frequency granularity) may be needed to increase the reliability of PDCCH detection.  Also, if PDCCH only supports low rank transimission for better robustness, reusing the feedback for high rank PDSCH transmission may incur performance loss on PDCCH.
· MU-MIMO for PDCCH
It is probably not suitable to consider doing MU-MIMO on R-PDCCH as number of relay nodes is usually limited.  For PDCCH targeted at UEs, we can study if MU-MIMO is needed to increase the capacity of PDCCH.  We need to be more careful about this because MU-MIMO can reduce the robustness as it’s harder to guarantee a reliable link adaptation for MU-MIMO.  The scenario of distributed RRHs with same cell IDs can be the potential scenario for doing MU-MIMO on PDCCH especially in the case when RRHs UEs assocated with are well separated.  
· Interference coordination on new PDCCH
There is no interference coordination between cells for R-PDCCH.  Interference condition can be much more severe for PDCCH targetting at UEs.  Coordination (e.g. CoMP or eICIC) between cells done for PDSCH can be applied to precoded PDCCH.  Further enhancements can be considered particularly for N-PDCCH. 
6. Conclusion

In this contribution, we give an overview on the considerations of new precoded PDCCH design. We first discuss the need of PDCCH enhancements. We then propose to adopt the alternative of placing the new PDCCH in the original PDSCH region as a baseline.  We also discuss several aspects (e.g. configuration, CSI feedback, MU-MIMO, etc) which can be different from R-PDCCH design.
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