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1. Introduction
In the previous two RAN1 (RAN1 65 and 66) meetings, the motivations and the requirements for enhanced physical downlink control channel (E-PDCCH) were discussed under the scope of DL MIMO enhancement and other SI/WI such as CA WI and CoMP SI, for Release 11 [1]. It is believed that E-PDCCH is needed due to, for example, the introduction of new features in Rel-10 and Rel-11 such as MU-MIMO and CoMP [2].  Most of the companies seem to suggest that the concepts of Relay-PDCCH (R-PDCCH) introduced in Rel-10 could be considered as the starting point for E-PDCCH discussions.    
In [3], we provided our views on some of high level considerations for E-PDCCH design.  In this contribution, a number of design aspects for E-PDCCH are further discussed and some principles of E-PDCCH design are proposed.       
2. E-PDCCH Design Considerations 
2.1. R-PDCCH 

R-PDCCH was introduced in Rel-10 to convey downlink control information (DCI) over a backhaul link between an eNB and a relay node (RN) [7]. Two modes are supported in R-PDCCH, i.e.

· R-PDCCH without cross interleaving

· R-PDCCH with cross interleaving

For R-PDCCH without cross interleaving,   either DMRS (port 7) or CRS could be configured for demodulation.  It is understood that if DMRS is configured as the demodulation reference signal, R-PDCCH transmission would use a rank1 transmission over DMRS port 7. Precoding is applied if there are more than one transmit antennas at the eNB.   If CRS is configured as the demodulation reference, R-PDCCH is transmitted using single antenna transmission over antenna port 0 in case of single Tx antenna at the eNB  or  transmit diversity (TxD)  if  more than one antennas at the eNB.
The benefit of using DMRS is that beamforming gain may be achieved if DL CSI is available at the eNB and channel variation is slow, i.e. low mobility channel.

The benefit of using CRS is that spatial diversity gain may be achieved when CSI is not available at the eNB or the information is not reliable.  So it is generally good for high mobility UEs and/or  highly frequency selective channels, i.e. channels with large delay spread.

For R-PDCCH with cross interleaving, only CRS is used as demodulation reference signal and either signal antenna transmission or transmit diversity is used, depending on the number of CRS ports configured.   The benefit of cross-interleaving is that increased frequency diversity gain may be achieved as a R-PDCCH is spread over multiple Resource Blocks (RBs).  Additional gain is achieved through transmit diversity.   

2.2. E-PDCCH vs. R-PDCCH

As was pointed out by a number of companies [4]
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[6], there is a fundamental difference between E-PDCCH and R-PDCCH because E-PDCCH is to be used for convey DCI to UEs. Unlike in the relay node case, mobility and low SNR are generally associated with UEs.  Therefore, E-PDCCH should be designed for more robust transmission under those environments.
In addition,  CRS may not be available or could not be used in certain application scenarios.  For example, PDSCH transmission with DMRS over MBSFN subframes were assumed in many cases in Rel-10. It seems to be nature that E-PDCCH can also be transmitted in the MBSFN region of MBSFN subframes.  In this case, since there is no CRS available, DMRS has to be used for E-PDCCH.  In CoMP Scenario 4 [2], E-PDCCH should be able to be transmitted from individual Low Power Node (LPN) to UEs.  As CRS are either transmitted from the macro-eNB only or from both macro-eNb and the LPNs,  CRS cannot be used  for E-PDCCH demodulation. 

Therefore, only DMRS can be used for E-PDCCH demodulation in those cases. 
2.3. Diversity support in E-PDCCH designs

In the last RAN1 meeting, it was pointed out by a number of companies that without proper frequency diversity, very poor E-PDCCH performance can be expected [4].   It was shown in [5] that a high error floor exists under TU120 channel.  In [4], it was observed that a diversity order of four is needed in order to achieve E-PDCCH performance that is similar to that of PDCCH.
Clearly, some diversity gain is needed in E-PDCCH design.  One way to achieve that is through distributed RB allocation over the system bandwidth for an E-PDCCH.  However, it is well known that precoding gain is generally poor over a wider bandwidth under frequency selective channel.  Thus, increased frequency diversity gain is achieved at the cost of precoding gain.   On the other hand, increased RB allocation for a single E-PDCCH means that the same RBs needs to be shared with other E-PDCCHs because the large granularity of a RB. 

The RB sharing scheme could be either based on the cross-interleaving concept defined in R-PDCCH or a new one.  In any case, the E-PDCCHs within each RB are likely for different UEs.  As a result, the DMRS also need to be shared among the UEs and thus close-loop precoding is no longer possible in this case.  
In light of this observation, another way to achieve diversity gain may be through spatial transmit diversity in addition to frequency diversity, if more than one transmit antenna is used  at the eNB.  Since CRS may not be available or adequate for E-PDCCH demodulation in some cases as mentioned previously, the alternative would be  to consider the use of  transmit diversity over the existing DMRS ports or  some newly defined DMRS for E-PDCCH. It should be noted that the DMRS ports mentioned here may not be the same as the DMRS ports as introduced in Rel-8 to Rel-10, in the sense that channel dependent precoding operation may not be applied to such DMRS.
It should be mentioned that supporting of transmit diversity for E-PDCCH is to maintain the performance of E-PDCCH transmission when the channel varies rapidly over time and also when the feedback for channel dependent precoding is not reliable. We view this is in no way to compete and replace the beamforming transmission for E-PDCCH which is considered by many companies as the main candidate for E-PDCCH in Rel-11, but rather to supplement such transmission.   

2.4. E-PDCCH transmission schemes
Given the possible different scenarios for E-PDCCH, it seems that the following transmission schemes may be supported:

· Single DMRS port transmission 

· with frequency diversity 

· without frequency diversity (i.e. close-loop beamforming )
· Transmit diversity with more than one DMRS ports
· with frequency diversity 

· without frequency diversity 

The benefits of each E-PDCCH transmit  schemes are summarized in Table 1 below. 

Table 1: Possible E-PDCCH transmission schemes and E-PDCCH demodulation reference signal configuration 

	DMRS 
	RB allocation
	DMRS precoding
	Comment

	Single DMRS port 
	Localized 
	channel dependent precoding
	Beamforming gain

	
	Distributed
	No channel dependent precoding 
	Frequency diversity gain

	Two or four DMRS ports
	Localized
	No channel dependent precoding 
	Tx diversity gain

	
	Distributed
	No channel dependent precoding
	Both Tx diversity and frequency diversity gain


When a UE is configured with a single DMRS port for E-PDCCH demodulation, a single port transmission may be assumed by the UE.  When a UE is configured with two or four DMRS ports, the UE may assume that transmit diversity is used for its E-PDCCH transmission. In both cases, the UE may assume that the DMRS is only available in the RBs allocated to its own E-PDCCHs. 
3. Conclusions

In this contribution, a number of design aspects regarding E-PDCCH are discussed. We feel to maintain the robustness of the E-PDCCH performance,  E-PDCCH transmission with transmit diversity using DMRS could be considered  to  supplement  breamfoming transmission of E-PDCCH. DMRS ports as defined in Rel-10 could be reused as demodulation RS for such transmission
4. References
[1] RP-110457, “Study on Downlink MIMO Enhancement for LTE Advanced”

[2] R1-112882,  TR36.819 v1.2.0 for CoMP SI
[3] R1-112373, “Design Consideration for E-PDCCH”, Research In Motion

[4] R1-112436, “Enhance PDCCH for DL MIMO in Rel-11”, NTT DOCOMO
[5] R1-112136, “Performance Aspects of DL control channel enhancement for Rel-11”, NEC

[6] R1-112317,  “Link level evaluation of E-PDCCH design aspects”, Renesas Mobile Europe

[7] 3GPP TS 36.216, “Physical layer for relay operation”. V.10.3.0, 2011-06[image: image1.jpg]


























































































































































4

