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1. Introduction
In the scope of LTE Rel-11 DL MIMO study, it is believed that DL control signal (PDCCH) is one important aspect that needs be enhanced.  This is mainly because that with the introduction of new features, such as MU-MIMO and CoMP, especially CoMP scenario 4 where the eNB and a number of RRH share the same cell ID, the capacity of PDCCH may become a bottleneck of the system. Different approaches were proposed to enhance PDCCH, which could be divided into mainly two categories, one is to enhance legacy PDCCH design, and the other is to enable PDCCH transmission in the legacy PDSCH region, so that more capacity could be achieved.  A number of contributions [1]-[10] were submitted to RAN1 65 meeting, and the majority of them seems to agree that introducing enhanced PDCCH (E-PDCCH)  in the legacy PDSCH region could be considered as the baseline. 
Transmission of control signal in legacy PDSCH region is not new in LTE system design, as the relay PDCCH (R-PDCCH),  which carries control signal from eNB to relay node (RN), was already agreed to be transmitted in the legacy PDSCH and relevant designs were included in the Rel-10 specication. If E-PDCCH is adopted in Rel-11, it would be preferable if some design of R-PDCCH could be reused. However, considering the difference between E-PDCCH and R-PDCCH, the selection of such features would be carefully decided and some new designs may be needed for E-PDCCH.

In this contribution, a number of design aspects for E-PDCCH are discussed and some principles of E-PDCCH design are proposed, which could be used as the guidelines for more detailed E-PDCCH design in the future.       
This is a re-submission of R1-112373
2. E-PDCCH Design Considerations 
From the contributions submitted to the RAN1 meeting so far, it seems that introducing E-PDCCH as the baseline for PDCCH enhancement in Rel-11 is favoured by most of the companies. However, more detailed design of E-PDCCH have not been discussed. In this section, some of the issues are raised and the corresponding proposals are described in detail. 

2.1. Supporting both UE-specific DM-RS and non-UE-specific RS for E-PDCCH demodulation

In E-PDCCH design, one of the main motivations would be to introduce UE specific DM-RS for the demodulation of E-PDCCH because that would allow the transmission of E-PDCCH from any transmission point (TP) deployed in a cell, including RRHs  sharing the same cell ID as macro-eNB.  This could also facilitate CoMP transmission in such scenario. As in such deployment, relying  only on cell specific RS (CRS) for its  demodulation such as used for legacy PDCCH might not be optimal for a system with multiple TPs in a cell which shares the same cell ID.  On the other side, using TP-specific RS for demodulation would provide an alternative for UE-specific DM-RS especially when the precoding vector for E-PDCCH is unknown or is unreliable. In another aspect, if E-PDCCHs of multiple UEs are multiplexed and transmitted on same E-PDCCH region and cross-interleaving operation is applied, it is hard to apply precoded UE-specific DM-RS for their demodulation. Based on the above considerations, it would be preferable to support both UE-specific DM-RS and non-UE-specific RS for demodulation for Rel-11 E-PDCCH.  The E-PDCCH region could be divided into different sub-regions, some are configured to support UE-specific DM-RS and some are configured to support cell or TP-specific RS for demodulations, which is shown in Figure 1 as an example. 
To reduce the configuration signalling overhead, such configuration could be linked to other configurations. For example, the use of UE-specific DM-RS could be linked to E-PDCCHs without cross-interleaving while the cell or TP-specific RS could be linked to E-PDCCHs with cross-interleaving.  
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Figure 1. E-PDCCH region with both UE-specific DM-RS and non-UE-specific reference signals.
Proposal:  Both UE-specific DM-RS and non-UE-Specific RS could be configured for PDCCH demodulation in E-PDCCH region. Such configuration could be linked to other E-PDCCH configurations.
2.2. Signaling of E-PDCCH Configuration
As E-PDCCH won’t be supported by legacy UE, legacy PDCCH region would still be configured and used to transmit legacy PDCCH for the UE. For the new UE, even though they could support new E-PDCCH, they would still need to support legacy PDCCH as required by the backward compatibility. It is therefore more convenient to use the legacy PDCCH region as the starting point for the new UE to look for the new E-PDCCH. 

2.2.1. Broadcast/multicast Message for E-PDCCH configuration 
One alternative would be to signal the new E-PDCCH region configuration to the new UEs in the common search space in legacy PDCCH region, as shown in Figure 2.  The new UEs would search in the common search space of legacy PDCCH region for a broadcast/multicast message that is dedicated for E-PDCCH configuration. After decoding such message, the new UE would know where to find the E-PDCCH region and decode the PDCCH transmitted there.   In addition to the locations and new E-PDCCH region information, other attributes may be conveyed as well in such a broadcast/multicast message such as modulation order, power level, etc. 


[image: image2.emf]Legacy PDCCH region

E-PDCCH zone

PDSCH region

2

n

d

s

l

o

t

1

s

t

s

l

o

t

Frequency

T

i

m

e

Broadcast/multicast E-PDCCH 

message


Figure 2. E-PDCCH information broadcasted/multicasted in legacy PDCCH region.
2.2.2. UE-specific E-PDCCH indicator

Alternatively, some new DCI formats could be introduced which contain UE-specific information about the E-PDCCH transmitted in the new E-PDCCH region, which could be called the E-PDCCH indicator, as shown in Figure 3.  Such information may not contain the content of E-PDCCH itself, but include attributes of E-PDCCH such as the locations of the E-PDCCH assignment in the new E-PDCCH region, the modulation order, and the resources allocated to such E-DCCH in terms of RE or CCE. After decoding such DCI format similar as decoding Rel-8 legacy PDCCH, the new UE could know where to find its real E-PDCCH in the E-PDCCH region and decode it.  The reason to include some attributes of the E-PDCCH in the E-PDCCH indicator is to reduce the blind decoding of E-PDCCH in the new E-PDCCH region and avoid the increase of UE complexity after introducing the E-PDCCH.
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Figure 3: UE-specific PDCCH indicator

As an example, possible information carried by such E-PDCCH indicator includes:
· resource allocation within a number of E-PDCCH regions where the set of possible E-PDCCH regions are  RRC-configured
· DCI format

· modulation order
· resource needed to carry the E-PDCCH. 

· Rank 

· DM-RS ports

In summary, the following proposals on signalling of E-PDCCH configuration could be considered.
Proposal:  The E-PDCCH configuration could be signaled by a common message in common search space or by a UE-specific message  in UE-specific search space in legacy PDCCH region. The message would point to the E-PDCCH assignment in E-PDCCH region as well as some attributes of assigned E-PDCCH. 
2.3. MIMO transmission of E-PDCCH

As E-PDCCH is transmitted in the legacy PDSCH region, many new design aspects could be considered to enhance its performance and among them, one possibility is the MIMO transmission for E-PDCCH. MIMO transmission including SU-MIMO and MU-MIMO transmission have been adopted for PDSCH transmission. For E-PDCCH transmission, one issue for using MIMO is that  the UE may not know the attributes of MIMO transmission, such as the rank and the layers on which E-PDCCH is transmitted. However, such obstacles could be overcame through E-PDCCH configuration. For example, some MIMO attributes could be signalled in UE-specific E-PDCCH indicator. Alternatively, blind decoding could be used to decode MIMO transmission of E-PDCCH.

Proposal:  The support of MIMO transmission of E-PDCCH should be considered. The issues related to MIMO transmission of E-PDCCH should be studied. 
2.4. Higher Order modulation of E-PDCCH

In Rel-8 PDCCH design, QPSK modulation is used, which will provide robustness for the PDCCH performance. However, capacity of PDCCH is limited. For E-PDCCH, as part of enhancement, higher order modulation (HOM) such as QAM-16 could be considered. This could be especially beneficial for some UEs which are closer to the eNB or TP. The use of HOM would reduce the time-frequency resource needed, which in turn would increase the overall system capacity of PDCCH.   

One issue with the introduction of HOM is the prior knowledge of the modulation order at the UE.  This issue could be resolved through some means such as pre-defined rules, blind decoding or dynamic configuration. For example, the modulation order could be signalled in the UE-specific E-PDCCH indication message, which is transmitted in the legacy PDCCH region, or it could be restricted to some CCE aggregation level, or linked to certain DCI formats. 
In summary, it is believed that HOM could bring some benefits for E-PDCCH and therefore may be considered. 

Proposal:  The support of HOM of E-PDCCH should be considered. The issues related to HOM of E-PDCCH should be studied. 

3. Conclusions

In this contribution, a number of design aspects regarding E-PDCCH are discussed and some design principles are proposed for consideration. 

· Both UE-specific DM-RS and non-UE-Specific RS could be configured for E-PDCCH demodulation in E-PDCCH region. Such configuration could be linked to other E-PDCCH configurations.

· The E-PDCCH  configuration could be signaled by a common message in common search space or by a UE-specific message in legacy PDCCH region. The message would point to the E-PDCCH assignment in E-PDCCH region as well as some attributes of assigned E-PDCCH. 
· The support of MIMO transmission for E-PDCCH should be considered. The issues related to MIMO transmission of E-PDCCH should be studied. 
· The support of HOM of E-PDCCH should be considered. The issues related to HOM of E-PDCCH should be studied. 
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